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PREFACE TO EIGHTH EDITION. 



The preparation of an eighth edition of the Compend of Physiology has 
famished the opportunity for a revision of a portion of the text and for the 
insertion of some fifteen pages of additional matter, both of which it is 
believed will materially enhance its value for medical and dental students 
during their attendance on the lectures and in reviewing the subject prior 
to examinations. 

It is also believed that the chapters on the Physiologic Anatomy of the 
Skeleton and the Joints, the Physiology of Muscular Tissue and of Special 
Muscular Groups, will adapt it to the necessities of those Normal and High 
Schools in which it has already been in use. 

Notwithstanding the many additions which have been made in this and 
previous editions, care has been taken to keep the Compend what it was 
originally intended to be, viz. : a compact and convenient arrangement of 
the fundamental facts of human physiology. 

Again, my thanks are due to all those teachers who have kindly noticed 
and recommended the Compend to their students. That it may continue 
to merit the approval of both teachers and students is my earnest wish. 

ALBERT P. BRUBAKER. 
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INTRODUCTION. 

Definitions. — If the body of any animal be dissected it will be found 
to be composed of a number of well-defined structures, such as heart, lungs, 
stomach, brain, eye, etc., to which the term organ was originally applied, 
for the reason that they were supposed to be instruments capable of per- 
forming some important act or function in the general activities of the body. 
Though the term organ is usually employed to designate the larger and 
more familiar structures just mentioned, it is equally applicable to a large 
number of other structures which, though possibly less obvious, are equally 
important in maintaining the life of the individual, e. g.^ bones, muscles, 
nerves, skin, teeth, glands, blood-vessels, etc. Indeed, any complexly or- 
ganized structure capable of performing some function may be described as 
an organ. A description of the various organs which make up the body 
of an animal, their external form, their internal arrangement, their relations 
to each other, constitutes the science of Animal Anatomy. 

This may naturally be divided into : — 

1 . Special Anatomy, the object of which is the* investigation of the con- 
struction, form, and arrangement of the organs of any individual animal. 

2. Comparative Anatomy, the object of which is a comparison of the organs 
of two or more animals, with a view of determining their points of re- 
semblance or dissimilarity. 

Human Anatomy is that department of anatomical science which has 
for its object the investigation of the construction of the human body. 
An investigation of the vital phenomena exhibited by an animal^ or ol^Jssfc 
B 9 



10 HUMAN PHYSIOLOGY. 

functions performed by its various organs, constitutes the science of 
Animal Physiology. 

This may naturally be divided into : — 

1. Special Physiology ^ the object of which is a study of the vital phenomena 
or functions characteristic of any individual animal. 

2, Comparative Physiology , the object of which is a comparison of the 
vital phenomena or functions exhibited by the organs of two or more 
animals, with a view of unfolding their points of resemblance or dis- 
similarity. 

Human Physiology is that department of physiologic science which 
has for its object the study of the functions of the organs of the human 
body in a state of health. 

GENERAL STRUCTURE OF THE ANIMAL BODY. 

The body of every animal, from fish to man, may be divided into — 

1. An axial, and 

2. An appendicular portion. The axial portion consists of the head, neck, 
and trunk ; the appendicular portion consists of the anterior and posterior 
limbs or extremities. 

The Axial Portion of all mammals, to which class man zoologically be- 
longs, as well as of all birds, reptiles, amphibians, and fish, is characterized 
by the presence of a bony, segmented axis, which extends in a longitudinal 
direction from before backward, and which is known as the vertebral column 
or backbone. In virtue of the existence of this column all the classes of 
animals just mentioned form one great division of the animal kingdom, the 
Vertebrata, 

Each segment, or vertebra, of this axis consists of — 

1. A solid portion known as the body or centrum, and 

2. A bony arch arising from the dorsal aspect and surmounted by a spine- 
like process. At the anterior extremity of the body of the animal the 
vertebrae are variously modified and expanded, and with the addition of 
new elements form the skull. At the posterior extremity it rapidly dimin- 
ishes in size and terminates in man in a short, tail-like process. In many 
animals, however, the column extends for a considerable distance beyond 
the trunk into the tail. The vertebral column may be regarded as the 
foundation element in the plan of organization of all the higher animals 
and the center around which the rest of the body is developed and ar- 
ranged with a certain degree of conformity. In all vertebrate animals 
the bodies of the segment of the vertebral column form a partition which 






divide the trunk of the body into two cavities, viz., the dorsal 
id the ventral. 

ml cavily is found not only in the tmnlt, but also in the head. 
Its walls are foinicd paitly by the arches which arise from the postetior or 
dorsal surface of the YCrlebrie and partly by tbe bones of the skull. If 
a lougitudinal section be made through the center of the vertebra! 
columo, and including the head, the dorsal cavity will be observed running 
through its entire extent. Though for the most part it is quite narrvw, at 
the anterior extremity it is enlarged and forms the cavity of the skull. 
Throughout this cavity is lined by a mcmbranoos canal, the neural canal, 
in which is contained tbe brain and Che neural or spinal cord. Through 
openings in the sides of the dorsal cavily nerves pass out which connect the 
brain and spinal cord with all of ihe structures of the body. 

73< vntlral cavily is confined mainly to the trunk of the body. Its 
walls are formed by muscles and skin, strengthened in most animals by 
bony arches, the ribs. Within the ventral cavity is contained a muscnlo- 
membranous lube or canal known as the alimentary or food canal, which 
begins at (he mouth on the ventral side of the head, and after passing 
through the neck and trunk terminates at the posterior extremity of the 
trunk at Ibe anus. It may be divided into mouth, p}iarynx, esophagus, 
stomach, small and large intestine. 

In all mammals the ventral cavily is: divided by a musculo- mem branoos 
partition into two smaller cavities, the thorax and abdomen. The foimer 
contains the lungs, heart, and its great blood-vessels, and tbe anterior part 
of (he alimentary canal, the gullet or esophagus ; the latter contains the 
continuation of the alimentary canal, that is, the stomach and intestines, 
and the glands in connection with it, the liver and pancreas. In the pos 
terior portion of the abdominal cavity are found the kidneys and bladder, 
and in the female the organs of reproduction. The thoracic and abdominal 
cavities are each lined by a thin, serous membrane known, respectively, as 
the pleural and peritonea! membranes, which in addition are reflected over 
the surfaces of the organs contained within them. The alimentary canal 
and tbe various cavities connected with it are lined throughout by a mucous 
membrane. The surface of the body is covered by the skin. This is com- 
posed oF an inner portion, the derma, and an outer portion, the epidermis. 
The former consists of fibers, blood-vesseU, nerves, etc., the latter of layers 
of scales or cells. Imbedded within the skin are numbers of glands which 
exude, in the diHerent classes of ani male, sweat, oily matter, etc. Projecting 
from the surface of the skin are hairs, bristles, feathers, ctaws- Beneath 
the skin are found muscles, bones, blood-vessels, nerves,, etc- 
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The Appendicular Portion of the body consists of two pairs of sym- 
metric limbs which project from the sides of the trunk and which bear a 
determinate relation to the vertebral column. They consist fundamentally 
of bones surrounded by muscles, blood-vessels, nerves, and lymphatics. 
The limbs, though having a common plan of organization, are modified in 
form and adapted for prehension and locomotion, in accordance with the 
needs of the animal. 

Anatomic Systems. — All the organs of the body which have certain 
peculiarities of structure in common are classified by anatomists into sys- 
tems, e. g.y the bones, collectively, constitute the bony or osseous system ; 
the muscles, the nerves, the skin, constitute, respectively, the muscular, the 
nervous, and tegumentary systems. 

Physiologic Apparatuses. — More important from a physiologic point 
of view than a classification of organs based on similarities of structure, 
is the natural association of two or more organs acting together for the 
accomplishment of some definite object, and to which the term physiologic 
apparatus has been given. While in the community of organs, which to- 
gether constitute the animal body, each one performs some definite func- 
tion, and the harmonious cooperation of all necessary to the life of the 
individual, everywhere it is found that two or more organs, though per- 
forming totally distinct functions, are cooperating for the accomplishment 
of some larger or compound function in which their individual functions 
are blended, e, g.y the mouth, stomach, and intestines with the glands 
connected with them constitute the digestive apparatus^ the object or func- 
tion of which is the complete digestion of the food. The capillary blood- 
vessels and lymphatic vessels of the body, and especially those in relation 
to the villi of the small intestine, constitute the absorptive apparatus^ the 
function of which is the introduction of new material into the blood. The 
heart and blood-vessels constitute the circulatory apparatus ^ the function 
of which is the distribution of blood to all portions of the body. The 
lungs and trachea, together with the diaphragm and the walls of the chest, 
constitute the respiratory apparatus^ the function of which is the introduc- 
tion of oxygen into the blood and the elimination from it of carbon dioxid 
and other injurious products. The kidneys, the ureter, and bladder consti- 
tute the urinary apparatus. The skin with its sweat-glands constitutes 
the perspiratory apparatus^ the functions of both being the excretion of 
waste products from the body. The liver, the pancreas, the mammary 
glands, as well as other glands, each form a secretory apparatus^ which 
elaborates some specific material necessary to the nutrition of the indi- 



vitiual. The funelions of these differeot physiologic Apparatuses, i. g., 
digesliOD, the absoTptioD of fooii, and the elaboration or blood, Ibe circula- 
tion of blood, cespiiatian, and the production of beat secretion and excre- 
tion, are classiRed as autrilivt functions, and have for their Gnol object 
the preEervatioD of the individual. 

The nerves and muscles conslilnte tiie nimo-muscular apparatus, the 
function of which i& the production of motion. The eye, the ear, the nose, 
ihe lOQgue, and the skin with their related structures constitute, respectively, 
the z'isual, auditory, olfactory , guslalory, and laclili afparaiusa, the func- 
tion of which as a whole is the reception of impressions and the transmission 
of nerve impulses to the brain, where the]' give rise to visual, auditory, 
olfactory, gustatory, and laclile sensations. 

The brain, in association with the sense organs, forms an apparatus 
related to mental processes. The latynn and its accessory organs, Ihe 
lungs, trachea; respiratory muscles, the mouth and resonant cavities of the 
face form the vocal and artictdalin^ apfaralut, by means of which voice 
and articulate speech are produced. The (oncdons exhibited by the 
apparatuses jusl mentioned, vii., motion, sensation, language, mental and 
moral manifestations, are classified as funiHons of relation, as they serve 
to bring Ihe individual into conscious relationship with the external world. 

The ovaries and the testes are the essential reproductive or^ns, the for- 
mer producing the germ-cell, the latter Ihe spermatic element; together, 
with their related structnres, the Fallopian tubes, uterus, and vagina in the 
female, and the urogenital canal in the male, ihey constitute the repro- 
ductive apparatus characteristic of the two sexes. Their cooperation 
results in the union of the germ-cell and spermatic element and {he con- 
sequent development of a new being. The function of reproduction 
serves to petpeluate the species to which the individual betun{;^s. 

The animal body is therefore not a homogeneous oi^anism, hut one com- 
posed of a large number of widely dissimilar but related organs. But as 
all vertebrale sniinals have the same general plsn of organization, there is 
a marked similarity bolh in form and siniclure among corresponding parts 
of dilferent animals. Hence it is that in the study of human anatomy a 
knowledge of the form, construction, and arrangement of the organs in 
different types of animal life is essential to its correct inlerp relation ; 
hence ii is that in the investigation and comprehension of ihc complex 
problems of humim physiology a knowledge of the functions of Ihe 
organs as they manifest themselves in the different types of animal life is 
indispensable. As many of the functions of the human body are not only 
complex, but the organs exhibiting Ihem ate practically inacc6Si\'cj'AViS&- 



vesligation, we must suijplement our knowledge and judge of iheir func- 
tions by analogy, by attnbutiag to Lhem, within cettaio limils, ibe fun 
revealed by experimeatation upon the corresponilin); but simpler organs of 
lower animals. This experimental knowledge, corrected by a study of 
the clinical phenomena of disease and the results of postmortem ii 
ion, forms the basis of modem human physiology. 



CHEMIC COMPOSITION OF THE HUMAN 
BODY. 



every CKhibition of fundi 



ity h associaled with changes of slruc 
I only is a knovfledge of the chemic compositiaD of the boHy when in s 
. state of rest, but to a far greater degree when in a stale of activity, nece;- 
. Bary Co a correct tinilerstanding of the intimate oature of physiolr^ic pro- 
cesses. Though the analysis of the dead body k comparatively easy, the 
I delerminalion of the successive changes in composition of the living body 
U attended with many diRicullies. The living material, the protoplasm, is 
not only complex and unstable in composition, but eilremely sen»ttve to 
all physical and chemic inlluences. The methods, therefore, which are em- 
ployed for analysis destroy its composition and vitality, and (he products 
wbich are obtained are peculiar to dead rather than to living matter. 

Chemic analysis, therefore, may he directed — 
I. To the determination of the composition of the dead body. 
I. To the delerminalion of the successive changes which the livinjj proto- 
plasm undergoes during functional activity. 

A chemic analysis of the dead body, with a view of disclosing the sub- 
stances of which it is composed, their properties, iheii 
their relationship to each, constitutes wbat might be termed Chemic Ai4AT- 
OMV. An investigation of the living material and of the successive changes 
undergoes in the performance of its functions conslilule what has been 
I termed Chemic Physiology or Physiologic Chemistry. 
By chemic analysis the animal body can be reduced ti 
liquid and solid compounds which belong to both the inorganic anc 
ganic worlds. The compounds resulting from a prosimaie analysis 
been tcrnicd pronimate principles. Thai they may merit this term, 1 
ever, they must be obtained in the same form under which they exist ii 
' condttion. The inorganic compounds 
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inorganic salts; the orgHiiic compounds consist of representstivcs of the 
carbohydrale, falty, and proleid groups of organic bodies. 

The proiimalc principles thus obtained can be further resolved by an 
ultimate analysis into a small numbei of chemic elements which are iden- 
tical with elements found in many other inorganic as well as organic com- 
pounds. The dificrcnt cbemic elements which are thus obtained, and the 
percentage in which they exist in the body, are shown in the following 



Oxygen, . 
Hydrc^en, 

Carbon, , 
Sulphur, 



flENTARY COMPOSITION OF THE BODY. 
O. H. and C. ue found in all the li) 

fluids of the body, 



Mangknesi 






O. H- C. and N. found in most of the fluids 
and all tissues except fat. 

In tihrio, casein, athumin, gelatin; as potas- 
sium enlphocysnid in saliva; as alkaline 

In lihrinand albumin; in brain; as irisodium 
phosphate in blood and saliva, etc. 

As calcium phosphate in lymph, chyle, blooi3, 
saliva, tioneii. and teeth. 

As sodium chinrid in all fluids and sobds of 
the body, except enamel ; as sodium sul- 
phate and phosphate in blood and muscles. 

As potassium chlorid in muscles; generally 
found with sodium as suljihstes and plios- 

Generally in association with calcium, as phos 

phaie, in bones. 
In combination with sodium, potassium, and 

other bases, in all the fluids and sobds. 
, As calcium Huorid in bones, teeth, and orine. 
In blood-globules ; as peroxid in muscles. 
In blood, bones, and hair. 
Probably in hair, bones, and nails. 



Of the four chief elements which together make up gj per cent. 
of the body, O. H. N, are eminently mubih, ilailic, and possess great 
alomic heal. C. H. N. are distinguished for the narrow range and feeble- 
ness of their afhnlties and chemical inertia. C, has the greatest atomic 
cohesion. O. is noted for the number ond intensity of its combinations 
and its remarkable display of chemic activity. 

Chemic Elements, with the exception of the gases, O. H. and N,, 
do not exist alone in the body, but are <;ombined in characteristic i^*^*^^- 
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tions to form compounds, the proximate principles^ the ultimate compounds 
to which the fluids and solids can be reduced. 

Proximate Principles may be divided into four classes, viz. : Inor- 
ganic, organic non-nitrogenized, organic nitrogenized, and principles of 
waste. 

I. INORGANIC PROXIMATE PRINCIPLES. 
Substance. Where found. 

Lungs and blood. 
Stomach and intestines. 
Blood and intestines. 
Expired air of lungs. 

Lungs and intestines. 

Found in all solids and fluids. 

In all fluids and solids except enamel. 

In muscles, liver, saliva, gastric juice, etc. 

Gastric juice, saliva, tears, urine. 

Bones, teeth, urine. 

Bones, teeth, cartilage, internal ear, blood. 



Oxygen, .... 
Hydrogen, . . . 
Nitrogen, .... 
Carbonic anhydrid, 
Carburetted hydrogen, 1 
Sulphuretted hydrogen, j 

Water 

Sodium chlorid, . . 
Potassium chlorid, . 
Ammonium chlorid, 
Calcium chlorid, . . 
Calcium carbonate, . 
Calcium phosphate, 
Magnesium phosphate. 
Sodium phosphate. 
Potassium phosphate, 
Sodium sulphate, 
Potassium sulphate, 
Sodium carbonate. 
Potassium carbonate, 
Magnesium carbonate. 



} 



In all fluids and solids of the body. 



Universal except milk, bile, and gastric juice. 

Bones, blood, lymph, urine, etc. 
Blood and sebaceous matter. 



Oxygen is one of the constituent elements of all the fluids and solids of 
the body. It is found in a free state in the respiratory passages and intesti- 
nal tract; it is held in solution in the lymph and plasma and forms a loose 
combination with the hemoglobin of the blood-corpuscles. The function 
of the oxygen in the body appears to be the oxidation of albuminous, 
oleaginous, and saccharine compounds to their ultimate forms, urea, car- 
bonic acid, water, etc. As to whether this is brought about by direct oxi- 
dation or by a fermentative process is yet unknown. As oxygen only enters 
Into combination under a high temperature, it is assumed that it exists in 
the body under the form of ozone, O3, which possesses remarkably active 
oxidizing powers. The seat of oxidation is at present located in the tissues, 
as the presence of ozone in the blood has not been positively demonstrated. 

Hydrogen is also a constituent element of almost all the compounds of 
the body ; it exists in a free state in the intestinal tract, where it is produced 
by a decomposition of organic substances; it is also produced within the 
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tissues as a result of chemic changes. Its function is unknown, though 
it is asserted by Hoppe-Seyler that hydrogen unites with neutral oxygen, 
O2, in the tissues, forming water and liberating oxygeil in the nascent state, 
which becomes the oxidizing agent. The process is represented in the fol- 
lowing equation : — 

HH -f Oj + n = HjO + On, 

in which n represents the oxidizable substance. 

Water is an essential constituent of all the tissues of the body, consti- 
tuting about 70 per cent, of the entire body weight. It is introduced 
into the body in the form of drink and as a constituent of all kinds of food. 
The average quantity consumed daily is about four pints. While in the 
body, water acts as a general solvent, gives pliability to various tissues, and 
promotes the passage of inorganic and organic matters through animal 
membranes. It also promotes chemic changes which are essential to 
absorption and assimilation of food and the elimination of products of 
waste. It is probable that water is also formed within the body by the 
union of oxygen with the surplus hydrogen of the food. It is eliminated 
by the skin, lungs, and kidneys. 

Sodium chlorid is present in all the solids and fluids of the body, with 
the exception of enamel. It regulates osmotic action, holds the albuminous 
principles of the blood in solution, and preserves the form and consistence 
of blood corpuscles and the cellular elements of the tissues by regulating 
the amount of water entering into their composition. 

Calcium phosphate is the most abundant of all the inorganic principles 
with the exception of water, and is present to a great extent in bone, teeth, 
muscles, and milk. It gives the requisite consistency and solidity to the 
different tissues and organs. In the blood, it is held in solution by the 
albuminous constituents. 

The Sodium and Potassium phosphates are present in most of the solids 
and fluids, and give to them their alkaline reaction. They are chiefly de- 
rived from the food. 

II. ORGANIC NONNITROGENIZED PRINCIPLES. 

The organic nonnitrogenized principles are derived mainly from the 
vegetable world, but are also produced within the animal body. They are 
divided into : — 
I, The carbohydrates y comprising starch and sugar, bodies in which the 

oxygen and hydrogen exist in the proportion to form water, the amount 

of carbon being variable. 
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2. The /a fs, bodies having the same elements entering into their composition, 
but with the carbon and hydrogen increased and the oxygen diminished 
in amount. 

3. Fatty acids. 

4. Alcohols. 

SUGARS. C. H. O. 
Dextrose Group. Cane-Sugar Group. 

Dextrose (Glucose, grape sugar). Saccharose (cane sugar). 

Levulose. Maltose. 

Galactose. Lactose. 

The members of the dextrose group have a composition as follows : 
CgHjjOg, and are frequently spoken of as monosaccharids. The members 
of the cane-sugar group have a composition as follows : Cj2^22^ii» ^^^ ^^^ 
frequently spoken of as disaccharids. 

Dextrose has been found in many of the tissues and fluids of the body 
as a normal constituent. As it is readily assimilable, it is probable that 
under this form the carbohydrates are absorbed into the blood. As its name 
implies, it rotates the plane of polarized light to the right. 

Levulose is found in the stomach and intestine, and occasionally in the 
urine. It is formed by a decomposition of saccharose. While resembling 
dextrose in many respects, it differs from it in rotating the plane of polarized 
light to the left. 

Galactose can be obtained from brain substance by the action of boiling 
sulphuric acid and by the decomposition of lactose. It is also dextro- 
rotatory. 

Saccharose is the form of sugar largely consumed as food. It is largely 
distributed throughout the vegetable kingdom in the juices of fruits and 
plants. It is not found, however, as a constituent of any of the fluids or 
solids of the body. During its passage through the stomach and intestine 
it is converted by the action of ferments into equal parts of dextrose and 
levulose by the assumption of a molecule of water. Cane sugar is, there- 
fore, not absorbed under its own form, as it is nonassimilable, appearing in 
the urine after its injection into the blood. 

Maltose is the final product formed by the action of saliva and a pancreatic 
juice on starch paste. It is also nonassimilable, and is, probably, con- 
verted into dextrose after or during absorption. 

Lactose is the form of sugar naturally present in milk. It resembles the 
two preceding forms in being nonassimilable and nonfermentable. 

Glycogen is the only form of starch found as a constituent of the animal 
tissues. It is closely related to the sugars. 



The sugar of the body is derived from the food. After being converted 
into deslrose in the alimentary canal, it is absorbed into the blood by the 
veins of the portal system, anii for llie most part stored up in the liver 
uncicr the form of glycogen. When the tissues require sugar for the per- 
formance of their normal activities, it is returned to the circulation and 
carried to all portions of the body. Whatever the intermediate stages may 
be, sugar ie ultimately oxidized, cotitributing to the production of heat. I( 
is eliminated imder the forms of CO, and HO. 



k 



Oleii 



The Neutral fals, when combined io proper proportions, conatiiule a 
large part of the fatly tissue of the body ; they are soluble in ether, chloro- 
form, and hot alcohol -, insoluble in cold alcohol and water, and liquefy al 
a high temperature. When a neutral fat is subjected to a high temperature 
in the presence of water and an alkali, it is decomposed, with the assimila- 
tion of the elements of water, into a fatty acid and glycerin. The fatly 
acid combines with the alkali and forms an oleate, palmitate, or stearate, 
according to the fat used. A similar decomposition of the neutral fats is 
said [0 take place in the small intestine during digestion. When thoroughly 
mixed with pancreatic juice, the fats are reduced to a condition of emulsion^ 
a stale in which the fat is minutely subdivided and the small globules held 
in suspension. 

Palmitic acid. Propionic acid. 

Stearic acid. Butyric acid. 

Oleic acid. Caproic acid. 

The Fally acids, combined with sodium, potassium, and Calcium, are 
found as salts in various fluids of the body, such as blood, chyle, feces, etc. 
Fhosphoriied fats in nervous tissue, butyric acid in milk, propionic acid in 
sweat, ere also constituents of the body. 

The Fals are derived from the food, both animal and vegetable. They 
are deposited in the form of small globules in the cells of the different tis- 
sues, are suspended in various fluids, are deposited in masses in and around 

fat consumed as food, there i.s good experimental evidence that fat is also 
produced within tlie animal body from a partial decomposition of the albumin- 
Ous compounds. Fat serves as a nonconductor of beat, gives roundness and 



20 HUMAN PHYSIOLOGY. 

form to the body, and protects various structures from injury. The fats 
are ultimately oxidized, thus giving rise to heat and force, and are finally 
eliminated as carbonic acid and water. 

ALCOHOLS. 

Glycerin. Cholesterin. Alcohol. 

Glycerin is chemically a triatomic alcohol in combination with the neu- 
tral fats of the body. During pancreatic digestion it is set free. It is sup- 
posed by many physiologists to be directly concerned in the production of 
glycogen. Cholesterin is a crystallizable substance largely present in the 
bile, though it is found in other fluids and solids. It is supposed to be a 
waste product of nervous matter. Alcohol has been found in the urine. 
It is supposed to be the result of an alcoholic fermentation in the intestine. 

IIL ORGANIC NITROGENIZED PRINCIPLES. 

The nitrogenized or proteid compounds are organic in their origin, being 
derived from the animal and vegetable world ; they are taken into the body 
as food, appropriated by the tissues, and constitute their organic basis ; they 
differ from the nonnitrogenized substances in not being crystalline, but 
amorphous, in having a more complex but just as definite composition, and 
containing, in additionsto C. O. H., nitrogen, with, at times, sulphur and 
phosphorus. The proteids possess characteristics which distinguish them 
from all other substances : viz., a molecular mobility ^ which permits isom- 
eric modifications to take place with great facility ; a catalytic influence ^'ya. 
virtue of which they promote, under favorable conditions, chemical changes 
in other substances ; e.g.^ during digestion, salivin and pepsin cause starch 
and albumin to be transformed into sugar and albuminose respectively. 
Different proteids possess varying proportions of water, which they lose' 
when subjected to desiccation, becoming solid ; but upon exposure to 
moisture they again absorb water, regarding their original condition, — they 
are hygroscopic. Another property is that of coagulationy which takes place 
under certain conditions; ^.^., the presence of mineral acids, heat, alcohol, 
etc. 

After death the nitrogenized compounds undergo putrefactive changes, 
give rise to carburetted and sulphuretted hydrogen and other gases. In 
order that these changes may take place it is essential that certain condi- 
tions be present, viz. : atmospheric air or some fluid containing oxygen, 
moisture^ and a temperature varying between 60° and 90° F. The cause 
of the putrefactive change is the presence of a minute unicellular organism, 
the bacterium termo. 
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The nitrogenized bodies found in the organism are quite numerous, and 
although they resemble each other in many particulars, there are yet im- 
portant differences ; they can be arranged into the following groups : — 

1. Native Albumins. — Proteid bodies soluble in water, many acids, and 
usually in alkalies ; coagulable at a temperature of from 140° to 163° F. 

a. Serum Albumin^ the principal form of albumin found in the animal 
fluids and solids. 

b. Egg Albumin^ not found in ordinary tissues, but present in white 
of egg. 

2. Globulins. — Proteid bodies insoluble in water, but soluble in solutions 
of sodium chlorid. 

a. Globulin^ found in many tissues, but largely present in crystalline 
lens. 

b. Myosin^ found in the muscles in life in a fluid condition ; after 
death it undergoes coagulation, giving rise to the rigidity of the 
muscles. 

c. Paraglobulin, present in blood and obtained from it by passing a 
stream of carbon dioxid through it; it is also precipitated by adding 
sodium chlorid. 

d. Fibrinogen^ present in serous fluid and blood, and can be precipi- 
tated by the prolonged use of carbon dioxid f it is also precipitated 
by the addition of 12 to 16 per cent, of sodium chlorid. 

3. Derived Albumins. — Proteid bodies which are not coagulable by heat; 
insoluble in pure water and in salt solutions ; soluble in both acid and 
alkaline solutions. 

a. Acid Albumin, found principally in the stomach during first stage 
of digestion, the result of the action of the hydrochloric acid upon 
the albumin of the food. 

b. Alkali Albumin, found in the intestine during pancreatic digestion, 
the result of the action of alkalies upon the albumin of the food. 

c. Casein, the chief proteid of milk ; it is precipitated by acetic acid 
and coagulated by rennet. 

4. Peptones. — These bodies are formed in the stomach and intestinal 
tract by the action of the gastric and pancreatic juices upon the albumins 
of the food. They are very soluble in water, alkaline and acid solutions ; 
noncoagulable by heat; very diffusible. They are precipitated by tannic 
acid and alcohol. 

5. Albuminoids. — The albuminoids are the results of various modifications 
of albumins occurring during the nutritive process, as well as by the action 
of various external influences. 
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a, Mucin^ the characteristic ingredient of mucus secreted by the 
mucous membranes, giving to it its viscidity. 

b, Chondrifty found in cartilage. 

c, Gelatin^ found in connective tissue, tendons, ligaments, bones, etc. 

d, Elasttftf found in elastic tissue. 

e, Keratin^ found in skin and epidermic appendages, nails, hair, horn, 
etc. 

6. Fibrin. — A filamentous albumin obtained by washing blood-clots. It 

is insoluble in water and mineral acids. 

As the properties of the compounds formed by the union of elements are 
the resultants of the properties of the elements themselves, it follows that 
the ternary substances, sugars, starches, and fats, possess a great inertia and 
a notable instability ; while in the more complex albuminous compounds, 
in which sulphur and phosphorus are united to the four chief elements, 
molecular mobility, resulting in isomerism, exists in a high degree. As 
these compounds are unstable, of a greater molecular mobility, they are 
well fitted to take part in the composition of organic bodies, in which there 
is a continual movement of composition and decomposition. 



IV. PRINCIPLES OF WASTE. 



Urea, 


Xanthin, 


Sodium, 


Creatin, 


Tyrosin, 


Potassium, 


Creatinin, 


Hippuric Acid, 


Ammonium, 


Cholesterin, 


Calcium Oxalate, 


Calcium, 



- Urates. 



These principles, which represent waste, are of organic origin, arising 
within the body as products of disassimilation or retrograde metamorphosis 
of the tissues ; they are absorbed by the blood, carried to the various 
excretory organs, and by them eliminated from the body. 

The excrementitious substances will be fully considered under excretion. 



Proximate Quantity of the Chemical Elements and Proximate 
Principles of the Body, Weighing 154 lbs. 



lbs. oz. 

Oxygen, iii .. 

Hydrogen, 14 . . 

Nitrogen, 3 8 

Carbon, 21 . . 

Calcium, 2 . . 

Phosphorus, i 12 

Sodium, etc., 12 



Water, .... 
Albuminoids, . . . 

Fats, 

Calcium phosphate. 
Calcium carbonate. 
Calcium fluorid, 
Sodium sulphate, etc. 



lbs. 

Ill 

23 
12 

5 



oz. 



13 

3 
9 



154 
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^^^^^ The Study of the Structure of Ibe body reveals Ihol it is eompo 
or a number of dissimilar parts, such as Ibe brain, heart, lungs, rouse 
etc., to which the name organ has been given. The organs upon a cic 
examiDBtion can be resotved inlo elemenlaTy structures, to which the m 
lissiit has been given. The study of the physical and physiologic proper- 
ties of the tissues has given rise to that department of anatomy known as 
HISTOLOGY, ot, as il Is Ufgcly prosecuted with the microscope, microsco- 
pic AKATOUY. NotwilbstaodiDg the complexity of the liody, the niinibei 
of coDStituent tissues is not great. They can be classified as follows; — 
I. Efilkflial. 
X. Cgnntclivt, comprising the areolar, adipose, fibrous, elastic, carlitsge, 

' and bone. 

I , 3. Muscular. 

\ 4. Nervous. 

The majority of the tissues, however, aie not simple structures, but com- 
plexly organized masses, whose physiological properties are dependent upon 
and the resultant of the properties of the strnctural dements composing 
them. 

Cells. — Wheo the tissues are subjected to microscopic analysis, il is 
found that instead of being homogeneous they are complex structures com- 
posed of simpler elements to which the name cell has been given. The 
cell' constitutes the primary, elementary, structural, or form element of all 
tissues, and may tie said to consist of a minute mass of living matter. 
Every organ i led body lakes its origin in a single cell, the ovum. However 
complex its structures may become, it caa be shown by an ullimnle analysis 
that they are composed of similar cells or of libers, which are the products 
or modifications of cells. The cell may be defined, therefore, as the pri. 
mary morphologic and pbysiologic unit of the organic world, to which every 

L exhibition of life, whether normal or abnormal, is to be referred. 

\ Structure of Cells. — Cells vary in Ibeir anatomic constitution in the 

different structures of the body and may be classcii in three groups, viz. ; — 

I. Cells consisting ofa cdt subitanit, a nucl/ui, and one or more nucleoli, 

enclosed within a lel! mcmiratic, all these parts being found in the 

Cells consisting of a ceU suistaiice and a nucUm only ; most of the cells 
of animal tissues liave this structure. To this type of cell the name 
iCqitode has been given. 
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3. Cells consisting of the cell substance only. 

Cells vary in size within considerable limits, from the size of a white 
blood cell, y^jnF*^ ®^ *" inch, to that of the multipolar cells in the anterior 
horns of the gray matter of the spinal cord, ^j^^th of an inch, or to that of 
the ovum, the xl^th of an inch. They also differ considerably in shape, 
according to the locality in which they are found. When young and free 
to move in a fluid medium, they assume the spheric form ; when subjected 
to pressure, they may assume cylindric, polygonal, fusiform, and stellate 
forms. 

The Cell Substance consists of a soft, transparent, gelatinous, semi- 
fluid material, known as protoplasm or bioplasm. Though frequently 
homogeneous, it often exhibits a finely granular appearance. The charac- 
teristics of protoplasm, however, vary in different tissues and in different 
animals. While young cells consist almost entirely of protoplasm, mature 
cells contain, in addition, materials of an entirely different kind; e. g.y 
globules of fat, granules of glycogen, mucigen, pigment, digestive ferments, 
as pepsin, trypsin, etc., substances which are produced by the physiologic 
action of the protoplasm. 

The chemic composition of living protoplasm is difficult of determina-. 
tion. When dead, it is found to be composed of water, proteid material, 
a small quantity of glycogen, fat, and inorganic salts. 

When examined with the microscope, the cell substance or protoplasm 
exhibits a network, the spongioplasniy in the meshes of which is contained a 
transparent material, the hyaloplasm. The protoplasm of all cells pos- 
sesses, in a varying degree, the property of irritability ; that is, of reacting in 
a definite manner to some form of excitation. The response will vary 
according to the character of the element stimulated. If it be a muscular 
fiber, there will result a contraction ; if it be a gland cell, a secretion. In 
some animal cells, as well as in many vegetable cells, currents are visible in 
the protoplasmic mass, which, in the absence of apparent external influences, 
are said to be spontaneous. Ameboid movements are observed in many 
animal cells, particularly when young. The irritability and other physio- 
logic properties of protoplasm are dependent upon a due supply of nour- 
ishment and the maintenance of a normal temperature. 

The Nucleus is an ovoid or spheric body embedded in the cell sub- 
stance. It consists of a distinct membrane, enclosing a clear nuclear sub- 
stance, which, however, is pervaded by an irregular network of fibers, 
which exhibit here and there enlargements, to which the term nucleoli is 
given. The meshes of thb network contain a soft, interstitial substance. 
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The nuclear membrane and the fibers composing the network, staining 
readily with various dyes, are spoken of as chromatin ; the interstitial sub- 
stance, not staining, as achromatin. 

The Cell Membrane is a very thin, transparent, homogeneous, and 
elastic structure, completely enclosing the cell substance. It varies in 
thickness and consistency in different tissues. It is permeable to water and 
aqueous solutions of various organic and inorganic substances. The cell 
membrane has no special physiologic activity, merely serving as a protec- 
tive agent. It is a product of the cell substance. 



MANIFESTATIONS OF CELL LIFE. 

Growth and Assimilation. — All cells exhibit the three fundamental 
properties of life : growth, motion, and reproduction. Every living cell 
is, therefore, the seat of a series of chemic changes underlying the two 
phases of nutrition, assimilation and dissimilation. By the first process, 
the cell absorbs from its surroundings those materials necessary for its 
growth and physiologic activities. When newly reproduced, all cells are 
exceedingly small, but by the absorption of nutritive material and its sub- 
sequent assimilation and vitalization they gradually attain their mature size. 
Some of the absorbed material, instead of becoming an integral part of the 
protoplasm, is oxidized, giving rise to heat and force. As a result of cellu- 
lar activity, there is also formed within the cell special substances, which, 
being finally eliminated, play some important part in nutrition. Coincident 
with the assimilative process, there are changes taking place of a disassimi- 
lative character ; absorbed material, as well as tissue itself, is constantly 
being reduced to simpler forms, as carbon dioxid, urea, water, etc. The 
nutrition of the cell is, therefore, an epitome of the nutrition of the body as 
a whole. 

Reproduction. — Like all organic structures, cells have a limited period 
of life ; their continual decay and death necessitates a capability of repro- 
duction. Cells reproduce themselves in the higher animals mainly by 
fission. This is seen in the white blood-corpuscles of the young embryos 
of animals ; the corpuscle here consists of a cell substance and nucleus. 
When division of the cell is about to take place, the nucleus elongates, the 
cell sulDstance assumes the oval form, a constriction occurs, which gradu- 
ally deepens, until the original cell is completely divided and two new 
cells are formed, each of which soon grows to the size of the parent cell. 

In cells provided with a cell membrane the process is somewlaaSw ^cSSkv- 
c 
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ent. In the ova of the inferior animal, after fertilization has taken place, 
a furrow appears on the opposite sides of the cell substance, which deepens 
until the cell is divided into two equal halves, each containing a nucleus; 
this process is again repeated until there are four cells, then eight, and so 
on until the entire cell substance is divided into a mulberry mass of cells, 
completely occupying the interior of the cell membrane. The whole pro- 
cess of segmentation takes place with great rapidity, occupying not more 
than a few minutes, in all probability. 

Motion. — In addition to the currents frequently observed in cell proto- 
plasm, various other forms of movement have been observed ; ameboid 
movements, the projection of pseudopodia, the waving of cilia, the activity 
of sperm atozooids, the migration of blood- corpuscles, are among the different 
types of movement exhibited by many of the cells of the body. 

By a combination of these primary structural elements, and of fibers and 
ground substances derived from or specially produced by them, all the 
tissues are formed which enter into the construction of the different organs 
of the body. 



PHYSIOLOGY OF THE EPITHELIAL AND 

CONNECTIVE TISSUES. 

Epithelial Tissue. — The epithelial tissue consists of one or more 
layers of cells resting upon a homogeneous membrane, the other side of 
which is abundantly supplied with blood-vessels. The form of the epithe- 
lial cell, varying in different situations, may be flattened, spheroid, or col- 
umnar, and is related to some special function. When arranged in layers, 
the cells are united by an intercellular substance. The epithelial tissue 
forms a continuous covering for the surfaces of the body. The external 
investment, the skin, as well as the mucous membrane which lines the 
entire alimentary canal and its associated body cavities, is formed in all 
situations by the basement membrane, covered with one or more layers of 
cells. All materials, therefore, whether nutritive or excretory, must pass 
through epithelial cells before they can enter into the formation of tissues 
or be eliminated from them. Chemically, epithelial cells are composed 
largely of keratin, a small proportion of water, and inorganic salts. 

The consistency of epithelium varies in accordance with external influ- 
ences, such as want of moisture, pressure, friction, etc. This is well seen 
in the skin and palms of the hands and soles of the feet, where it acquires 
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its grealest liensity. In the inleslines, longs, and other cavities, where the 
reverse conditions prevail, the epithelium is extremely sort. The epithe- 
lial tissues possess varying degrees of cohesion and elnslicily, which enable 
them to resist considerable pressure and distention without having their 
inlegriiy deslroyed. Being bad cooductors of heat, they assist Jo prevent- 
ing rapid radiation from the body, and so maintain the normal lemperalure. 
The physiologic activity of all epithelial tissue liepeuds upon a due supply 
of nnlrilive material famished by the blood, which not only maintains its 
own nutrition, but affords material from which are formed the secretions of 
glands, whether of the skin or mucous membranes. 

The functions of the epithelial tissues are ; — 
I. To serve as a protective covering to the UDdeilying structures. 
Wherever there is repeated pressure, llie epithelial cells become thick 
and indurated. Owing to their consistence they resist to some extent the 
injurious inHuences ol acids and alkalies and various poisons. 
3, As an absorbing agent. Inasmuch as the skin and mucous membrane 
cover the surfaces of the body, it is obvious that all nutritive substances 
entering the body must first traverse the epithelium. The epithelial 
cells covering the skin, owing to their density, play but a feeble rftle 
in man. The mucous membrane of the aliroenlary canal is the principal 
absorbing surface. The character cf its epithelium permits of the 
absorption of water, peptones, sugars, salts. The epithelium lining the 
pulmonaiy ajr-vesjclcs is actively engaged in taking up oxygen and 
giving out carbon -diox id. 
J. As an eliminating agent. Waste products, however produced uitbin 
the organism, must be taken up by the epilheliam of [he various excretory 
organs before being Rnaliy disposed ot. The secretions of all glands are 
products of epithelial activity. 

Connective Tissue. ^The bony skeleton of the body is supplemented 
by a liner skeleton, composed of connective tissue, which pervades the 
entire body, and which, under various forms, serves as a bond of connec- 
tion between its diBerent parts, as a covering and protection for various 
organs, and as a basis of support for the elements of muscular, nervous, 
and glandular tissues. 

The connective tissues include several varieties, among which may be 
mentioned areolar, adipose, fibrous, elastic, cartilaginous, and osseous. 
Notwithstanding their apparent diversity, Ibey have many points of simi- 
larity. They have a common origin, developing from the same embryonic 
material ; they liave much the same structure, passing i.io.'jtxcK.'^WiT «*ji 
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each other, and functionally perform the same office, viz., supporting and 
connecting the specific elements of the tissues or organs. 

Areolar Tissue. — This variety is found widely distributed throughout 
the body in all situations. It serves to unite the skin and mucous mem- 
branes to the structures on which they rest, to unite and support blood- 
vessels, muscles, nerves, etc. When examined with the naked eye it 
presents the appearance of fine, transparent, colorless fibers, of delicate 
membranous lamina, which cross each other in every direction, leaving 
spaces or areolae between them. Examined microscopically, these fibers 
are found to be composed of still finer white fibers cemented together by a 
transparent substance containing mucin. Other fibers are distinguishable 
by their straight course, their dark outline, their tendency to branch and to 
unite with adjoining fibers. When torn across they curl up at their extremi- 
ties, owing to their property of elasticity. Distributed throughout the 
meshes of the areolar tissue are found flattened, irregularly branched or 
stellate corpuscles, the connective tissue corpuscles, plasma cells, and 
granule cells. 

Adipose Tissue. — This exists very generally throughout the body, but is 
found most abundantly beneath the skin, around the kidneys, and in the 
bones. It is composed almost entirely of small vesicles more or less com- 
pletely filled with fat-globules. The wall of the vesicle is protoplasmic, 
and contains at some points an oval, flattened nucleus. Adipose tissue can 
arise wherever connective tissue is found. It would appear that the gran- 
ules of fat are produced by a transformation of the albuminous contents of 
the connective-tissue corpuscles. The vesicles are grouped together to 
form lobules, which in turn form irregular masses supported by connective 
tissue and blood-vessels. 

Retiform Tissue. — This is also a variety of connective tissue made up 
very largely of white fibers interlacing in all directions. The spaces or 
areolae are wanting in the usual ground substance, but are filled with fluid. 
Connective tissue corpuscles are abundant, but elastic fibers are absent. 
Adenoid tissue is hut ordinary retiform tissue, the spaces of which, how- 
ever, are filled with lymph corpuscles. It is found in lymphatic glands, in 
the central nervous system, and other situations. 

Fibrous Tissue. — White fibrous tissue is exceedingly abundant and 
important. It forms the ligaments which hold the bones together, the 
tendons of the muscles, the membranes covering bones, cartilages, the septa 
of muscles, etc. Fibrous tissue is tough and strong but wholly inextensible, 
and, in consequence, is admirably adapted to fulBl various mechanical 
functions in the body. It is quite pliant, bending readily in any direction, 
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but difficult (o break. When eiamincd microscopically it is found lo be 
composed of wbile fibers, resembting in. all respects those of the areolar 
tissue. Treated wilb acetic acid Lhey swell up and become indistinct. 
When boiled ibey yield gelatin, a deriva-tive of collagen. 

Elastic Jissut. — The elastic tissue is also ati important member of the 
connective- tissue group. It is almost invariably associated with while 
fibers in some proportion, but in some tissues, as the ligamentuni nucbu:, 
the ligamenta subflava, the coats of the large blood-vessels, it exists almost 
alone. In its pure state il presents a distinctly yellow appearance. The 
fibers of which it is composed are transparent, but present a distinct out- 
line ; they run altnost parallel, but give off branches which unite to form a 
reticulated structure. As the name implies, these fibers are very extensible 
and elastic- 

Cartilag^e is a modified form of connective tissue. It is opaijne, bluish- 
white in color, Ibough in thin sections translucent. In some situations it 
is firm in consistence, in olhets soft and elastic. All cartilage consists 
primarily of a ground or fundamental substance throaglioul which are 
scattered cells, lliere are two principal varieties iii the human body, viz., 
hjalin and fibrocartilage. 

IfyaHne cartilage a 'Ctit most typical form, the matrix of which being trans- 
lucent and homogeneous. It is Tound on the ends of bones entering into the 
formation of joints, where it forms ortkuSat cartilage, between the ribs and 
sternum, forming the costal CHrtilages. Il is also found in other situations. 
Microseopically examined, the ground substance reveals the presence of 
oval or spherical corpuscles containing one or more nuclei. The cell aul). 
stance is frequently marked off from the ground substance by concentric 
lines, or fibers, which fiirm a capsule for the cell. Repealed division of 
the cell substance frequently takes place, until the whole capsule is fully 
occupied with cells. The cell protoplasm is granular, and frequently con- 
tains drops of fat. According to some Investigators the cell spaces are not 
isolated, but connected by fine channels, which in turn communicate with 
lymphatics. By these means nutritive fluid permeates the entire structure. 

Ftbracariilagi consists of two varieties, white and yellow. 

While Jtirncaflilage consists of the usual ground substance pervaded 
by white fibers. It is firm and resistant, and found wherever strength and 
fixedness are required. Hence it is preseDt between the vertebrie, forming 
the intervertebral discs, between the condyle of the lower jaw and glenoid 
fossa, in the knee-joint, around the margins of cup-shaped cavities, etc. In 
these siluatinns it assists in mnintaiuing the apposition of the bones, in giv- 
ing a certain degree of motility to joints, and in 4vmixi\So«i^ 'i^« ri5.fiO. "^ 
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bIiocIi and pressuie. The fitiers of white cartiiage ore arranged in bundles 
and layers, the ground sulislances being relatively less abundant. Between 
the layers are the usual cartilage corpuscles. 

yiZ/inii fibrocarlitage is found in the epiglottis, the external ear, Eos 
tachian tube, and laiynx. Piimariiy hyaline in character, the ground sub- 
■tance liecomes pervaded with yellow (ihers which branch and interlace in 
all directions, forming a dense netnork, bat are so arranged as to form 
imall spaces in which are found cartilage corpuscles surrounded by a soft 
malrix. These fibers are very elastic, and give lo this form of cartilage a 
considerable degree of elasticity. 

Osseous Tissue Osseoiu tissue, as distinguished from bone in the 

anatomic sense, belongs lo the connective- tissue group, in which the funda- 
Inental sxibstance is permeated with insoluble lime salts, the phosphate 
and carbonate being the most abundant. With dilute solutions of hydro- 
chloric acid, these can be converted into soluble salts and dissolved out. 
The osseous matrix left behind is soft and pliable, and yields gelatin on 
boiling. The surfaces of sU bones in the recent stale, except where they 
are covered with cartilage, are invested with a fibrous membrane, the peri- 
osteum. The inner surface of this membrane is loose in texture, and sup- 
ports a fine capillary plexus of blood-vessels and numeroa'! protoplasmic 
cells, the " osteoblasts." As this layer is directly concerned in the forma- 
tion of bone, it is spoken of as the osUogincHc laytr. 

A section of any bone shows that it is composed of two kinds of tissue, 
compact and cancellated. The com.pael resembles ivory, nnd ia found on 
the outer surface; the cancellated ia spongy, and lo the naked eye appears 
to be made up of thin, bony plates, which intersect each other in all direc- 
tions. It is fouod in great abundance in the interior of bones. The shaft 
of a long bone is hollow, the cavity extending almost from one extremity to 
the other. This central cavity, as well as the interstices of the cancellated 
tissue, is filled in the recent state with marrow. The marrow or miduUa 
is a vascular tissue, the capillaries of which are supported by a delicate 
framework. In its meshes are to be found characteristic 
osteoblasts, engaged in the formation of bone. The mar 
long bones is yellow, from the presence of fat resulting from a trans- 
formation of the protoplasm of conn-ective-tissue cells. In the cancellated 
:ially near the extremities, the fatly transformation does not take 
place, and the marrow remains red. The cells are supposed to give birth 
corpuscles. 

Examined microscopically, a thin, transverse section of a bone reveals 
tl oval or round openings, which are the transverse sections 
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of canals which run, for the most part, in a longitudinal direction. These 
are the Haversian canals. In the living state, they are partly filled with 
blood-vessels and lymphatics. The canals are connected with each other 
and with the surfaces of the bones by numerous anastomosing branches. 
Around each Haversian canal is a series of concentric lamina, composed 
of fibers. Between every two laminae are found small cavities (lacunae) 
from which radiate in all directions small canals (canaliculi), which com- 
municate freely with each other. The Haversian canals, with their asso- 
ciated lacunae and canaliculi, form a series of intercommunicating passages, 
through which lymph passes for the nourishment of bone. In the cancel- 
lated tissue the blood-vessels pass through its interstices, and are supported 
by connective tissue. Bone cells, protoplasmic and nucleated, are found 
in each lacuna. When young, they are branched, sending their prolonga- 
tions into the canaliculi. 

Physical and Physiologic Properties of Connective Tissue. — 
Among the physical properties may be mentioned consistency , which varies 
from the semiliquid to the solid state. This variation depends upon the 
quantity of water in the individual tissues. Their cohesion^ with the ex- 
ception of the softer varieties, is considerable, and offers great resistance to 
traction, pressure, torsion, etc. In the various movements of the body, in 
the contraction of muscles, in supporting weights, in diminishing the efiects 
of shocks, the properties of consistence and cohesion play important parts. 
Wherever the various forms of connective tissue are found, their chemic 
composition and structure are found to be in relation to their mechanical 
function. If traction be the preponderating force, the structures become 
fibrous, as in ligaments and tendons, and the cohesion greatest in the longi- 
tudinal direction. If pressure be exerted in all directions, as upon mem- 
branes, the fibers become interlaced and so offer an uniform resistance. 
When pressure is exerted in a definite direction, as upon the ends of long 
bones, the tissue assumes the cartilaginous form. Elasticity is also a prop- 
erty of all connective tissues, but is most marked in those containing an 
abundance of yellow elastic fibers. Elasticity plays an important rAle in 
many physiologic acts. It not only opposes and limits forces of traction, 
pressure, torsion, etc., but upon their cessation returns the tissues or struc- 
tures to their original condition. It thus maintains the natural form and 
position of the organs by counterbalancing and opposing temporarily acting 
forces. 
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THE SKELETON. 

Within the body of man and all vertebrated animals there is a highly 
developed framework, consisting of bones and cartilages, technically 
known as the skeleton (Fig. i), the function of which is to afford support 
to all the softer tissues, to afford attachment for muscles, and to protect 
many delicate organs from injury. In addition to the bony skeleton there 
is a secondary framework, composed for the most part of fibrous or con- 
nective tissue, which ramifies everywhere throughout the body, uniting its 
various parts and affording support and protection to the ultimate elements 
of the tissues. 

The skeleton naturally divides itself in accordance with the funda 
mental division of the body into — 

1. An axial, and 

2. An appendicular portion. The axial portion consists of the bones of the 
spine, the head, the ribs, and sternum ; the appendicular portion consists 
of the bones of the extremities and the bony arches by which they are 
united to the trunk. 

The Axial Skeleton. — The axial skeleton consists primarily of the 
spinal column, placed in the middle of the back of the neck and trunk, 
where it forms the foundation of the entire skeleton. It is composed of a 
series of superimposed bones termed vertebra ; above, it supports the skull ; 
laterally it affords attachment for the ribs, which in turn support the weight 
of the upper extremities ; below, it rests upon the pelvic bones, which 
transmit the weight of the body to the inferior extremities. 

The Vertebral or Spinal Column consists in the child of 33 distinct 
bones, which are arranged in groups, named and numbered from their 
position, as follows: Cervical, 7; thoracic, 12; lumbar, 5; sacral, 5; 
coccygeal, 4, the latter being quite rudimentary. In the adult the sacral 
and coccygeal bones unite to form two separate composite bones, the sac- 
rum and coccyx. Owing to their mobility the former are termed true, the 
latter false vertebrae. While the vertebrae of each group have certain char- 
acteristics in common, the type is best shown by the thoracic vertebrae. 

The Thoracic Vertebrae present the following parts: — 
I. A body ov centrum^ a short cylinder of bone slightly concave on its 

upper and lower surfaces, which is united to adjoining vertebrae by elastic 

discs of fibro- cartilage. 
Z. A neural arch consisting of two symmetrical halves each arising from 

the back of the body and uniting in the median line. Each arch con- 
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sists anteriorly of the pedicle^ posteriorly of the lamina. At the point 
of union of the arches there is presented a prominent spine of bone 
which collectively give to the column its spiny character. From each 
side of the arch arises the transverse process, which projects outward 
and slightly backward. From the superior and inferior border of each 
lamina project the superior and inferior articulating processes. 

The Cervical Vertebrae differ in some respects from the thoracic. The 
body is smaller, the neural arch larger, the spinous process shorter and 
often bifid. The transverse processes are broader and perforated by a fora- 
men. The first and second vertebrae deviate markedly from the usual 
type. The first vertebra, or atlas^ possesses neither a body nor a spinous 
process. It is practically a large neural ring provided with two lateral 
masses of bone which support the weight of the head. The second verte- 
bra, or axis, has projecting from its body a vertical process, the odontoid 
process, around which the atlas bone rotates. 

The Lumbar Vertebrae are the largest in the spinal column. The 
centrum gradually increases in width and strength from above downward, 
in accordance with the increasing weight of the body. The arches and 
processes are correspondingly enlarged. 

The Sacrum is a triangular-shaped bone placed below the vertebrae. 
Its anterior surface is concave and presents four transverse ridges which 
mark the points of union of the primitive vertebrae and four openings on 
either side which communicate with the neural canal. The posterior sur- 
face is convex and marked by numerous partially developed processes 
which are homologous with the processes of the upper vertebrae. 

The Coccyx is a rudimentary bone formed by the fusion of the bodies 
of four undeveloped vertebrae and terminates the spinal column. 

The Spinal Column as a whole has an average length of about twenty- 
eight inches. Viewed laterally, it presents from above downward four 
curves. In the cervical and lumbar regions the curves are convex ante- 
riorly, in the thoracic and sacral regions concave. These curves, taken in 
connection with the elastic intervertebral discs, impart to the spinal column 
considerable elasticity. 

The Sternum is a thin, flat bone, situated in the median line in the 
anterior wall of the thorax. It consists of three segments, a superior, a 
middle, and an inferior, known respectively as the manubrium, the gladio- 
lus, and the xiphoid appendix. The lateral borders of the stetcvw^ca. ^x^^^sx 




B series of depressions for the reception of the collar bone and 
ends of the cartilages of the first seven ribs. 
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The Ribs form a. series 
posteriorly to the dorsal vcrlebrsc, and con 
lice by the intermedialioa of cartilage. There are 24 ribs in num- 
ber, 12 on each siile. The first 7 are lermed true ribs, from their at- 
tachment to ihe sternum; the remaiaing 5 are termed false ribs, of which 
the cartilages of the eighth, ninth, aod tenth are altacbed to each other, 
while tbe elevecth and twelfth are free or fioating. The ribs in- 
crease in length from the first to the seventh, and then decrease to the 
twelfth. Each rib consists of a beveled head for articulation wiLh the 
dorsal verlehn, a contricled portion, the neck, a tubercle for mticulalion 
with the transverse process, a curved shaft, compressed from side to side. 
Collectively the ribs form the lateral walls of the chest. The costal car- 



The Thorax, as a whole, is a coo ical-sh aped structure formed by the 
union of the thoracic vertebra, the ribs, and stemam. It is compressed 
from before backward, so that the anLeroposterior diameter is less than the 
transverse. The superior opening is oval in outline, measuring five inches 
from side to side, and two and one-half from before backward. The in- 
ferior opening is irregular, owing to the inclination of the ribs and the pro- 
jection of the lower end of tbe sternum. 

The Skull consists of 22 bones, of which 8 form tbe cranium, which 
encloses and protects the brain; the remaining 14 support [he face and 
form the orbital, na'ial, and mouth cavities. The cranial bones are: — 
t. The/fantal bom, which forms the forehead and roof ol the orbits. 
Z. A pair of farielal bones, which form the sides and roof of the cranium. 

3. The occipital hsHt, which forms the back of the head and part of the 
base. It is perforated by a large opening, the foramen magnum, through 
which the spinal cord passes. On either side of the foramen there is a 
large condyle, which articulates witli the lateral masses of the alias. 

4. A pair o\ itmporal bones, which aid in forming tbe sides and base of the 
skull and lodge ihc auditory organ. 

5. The sphenoid bane , an irregular-shaped bone, situated at the base of the 
skull, where it forms a keystone for the cranial arch, 

_ 6. The ethmoid bone, situated between tbe skull and nasal chambers, and 
'm giving support to the olfactory organs. 
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The facial bones are paired, two only being single. The paired bones 
are: — 

1. The superior maxilla y or upper jawbones, situated one on either side of 
the middle line, assisting in the formation of the orbit, nose, and roof of 
the mouth. They also carry the upper teeth. 

2. Tht palatal bones complete the hard palate and assist in forming the 
posterior nares. 

3. The nasal bones, forming the bridge of the nose. 

4. The lacrimal bones y lying between the orbit and nose. 

5. The malar bones) lying beneath and to the outside of the orbit. 

6. The inferior turbinated bones^ one in each nasal chamber. 

7. The inferior maxilla ^ or lower jawbone, is connected with the temporal 
bone on each side of the head. It carries the lower teeth and assists in 
mastication. 

8. The vomer forms a portion of the partition of the nose. 

THE APPENDICULAR SKELETON. 

The appendicular skeleton consists of: — 

1. The bones of the shoulder girdle and the bones of the arm, forearm, 
and hand. 

2. The bones of the pelvic girdle and the bones of the thigh, leg, and foot. 

The Shoulder Girdle is an imperfect bony arch connecting the limb 
directly with the axial skeleton. It consists of two bones, the clavicle and 
scapula. 

The clavicle is a cylindrical bone extending from the upper end of the 
sternum upward and outward to be attached to the acromion process of 
the scapula. 

The scapula is a flat triangular bone situated on the upper and back 
part of the thorax. It is not directly connected with the axial skeleton, 
being separated from it by a layer of muscle in which it is partly embedded. 
The posterior surface is divided by a spine of bone into two unequal 
portions. This spine gradually becomes more prominent as it passes from 
within outward; toward its termination it curves forward and forms the 
acromion process with which the clavicle articulates. The upper part of 
the outer edge of the scapula presents a slightly concave surface, pyriform 
in shape, which receives the upper extremity of the arm bone, known as 
the glenoid fossa. Overhanging this fossa is a strong bony process — the 
coracoid. 

The skeleton of the arm and hand consists of 30 bones, the largest of 
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which, the humerus^ lies in the arm. The ulna and radius are placed side 
by side in the forearm, and are so arranged that the radius can move to 
some extent around the ulna. The wrist or carpus contains 8 small bones, 
the metacarpus contains 5 long, cylindrical bones, the fingers 3, and the 
thumb 2. 

The Pelvic Girdle, which forms the bond of union between the leg and 
the axial skeleton, consists 9f a single bone, the os innominatum^ on each 
side, which articulates with the sacrum posteriorly; arching forward, it 
meets with its fellow of the opposite side in the median line, thus forming 
the lateral and anterior walls of the pelvic cavity. In the young child, this 
bone consists of three distinct bones, the ilium, ischium, and pubis, which, 
in adult life, fuse together to form the single bone. At the point of union 
on the external surface there is formed a large cavity, the acetabulum^ 
which lodges the head of the thigh bone. 

The skeleton of the leg and foot consists of 30 bones. The thigh bone, 
or femur y is the largest bone in the body, extending from the pelvic girdle 
to the knee. It is provided above with a rounded head, which fits into the 
acetabulum. This is connected with the shaft by a short neck, which forms 
with the latter an angle of 125 degrees. The lower extremity of the femur 
is enlarged to rest upon the bones of the leg. The leg bones are 2 in 
number, the tibia Kndijlbulay the latter being placed external. In front of 
the knee is iht patella. The tarsus consists of 7 bones, one of which, the 
astragalus, is united to the tibia and fibula to form the ankle. The cal- 
caneum forms the heel. The metatarsus consists of 5 bones, each carrying 
a toe. There are 14 bones in the toes, 3 in each, except the large toe, 
which has but 2. 



STRUCTURE AND MECHANISM OF JOINTS. 

The various bones comprising the skeleton do not form a rigid frame- 
work, but are united by a variety of structures and in such a manner as to 
admit of varying degrees of movement. The points of imion are termed 
articulations, ox joints. 

The structures entering into the formation of joints are : — 

1. Bones y the articulating surfaces of which are often expanded and 
variously modified, as in the case of long bones. 

2. Hyaline cartilage, which covers the articulating surfaces. Owing to its 
smoothness it facilitates the gliding movements of opposed surfaces, and 
by its elasticity diminishes the force of jars and shocks imparted to the 
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bones. White fibrocartilage in the form of interarticular discs is found 
in many joints. Placed between the ends of bones it subdivides the 
articulation and adjusts dissimilar surfaces. 

3. A synovial membrane ^ consisting of connective tissue mixed with elastic 
tissue. Its inner surface is lined with endothelium, which secretes the 
synovial fluid, a colorless, viscid, alkaline fluid containing much mucin, 
albumin, and fat. Its function is to lubricate the articular surfaces and 
diminish friction. 

4. Ligaments^ tough bands of white fibrous tissue which pass from bone to 
bone in various directions. White fibrous tissue, being inextensible but 
pliant, maintains the bones in apposition and prevents displacement, but 
permits of easy movement within certain limits. 

Modes of Articulation. — All articulations are divided, according to 
the extent of movement, into — 

1. Synarthrodia! ^ comprising those joints endowed with little or no motion ; 
e, g.y joints or sutures uniting the bones of the skull. 

2. Amphiarthrodialy comprising those joints endowed with a slight d^^ee 
of mobility in consequence of an intervening plate of fibrocartilage and 
tough, unyielding ligaments ; e.g.^ vertebral and pelvic joints. 

3. Diarthrodialy comprising those joints which are freely movable, the 
extent of movement, however, being variable. In all such joints the 
articulating surfaces are generally adapted to each other, are covered 
with smooth cartilage, lubricated with synovial fluid, and surrounded by 
ligaments which, while not preventing, yet limit the extent of movement. 
The diarthrodial joints may be divided according to the character of the 
movement into^ 

a. Arthrodial, or gliding joints. 

b. Ginglymus, or hinge joints. 

c. Enarthrodial, or ball and socket joints. 

d. Trachoidal, or rotary joints. 

The articulations may also be grouped in accordance with the funda- 
mental divisions of the skeleton into — 

1. Axial. 

2. Appendicular. 

THE AXIAL ARTICULATIONS. 

The axial articulations are quite numerous and may be grouped into those 
uniting : — 
I. The bodies of the vertebrae, the intervertebral joints. 
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2. The vertebrEG with the ribs, the costorerlebrnl joints. 

3. The ribs wiih the sternum, the coslosternol joints. 

f. The vertebral column with the head, the otcipilo-aiUntal joints, 

Tbe Intervertebral Joints are ampbianhrodial in character. The 
bodies of the vertebtie are united by tough, elastic discs of fibrocarlilage 
which collectively constitute about one-quarter of the length of the vertebral 
column. The vertebne are bound together by liganientous bands situated 
on the anterior and posterior surfaces of their bodies and by short, elastic 
bands lietween the neural arches and processes. These structures comlnne 
to render the vertebral column elastic and flexible, and to enable it to resist 
and diminish the force of shocks communicated to it. 

The functioD of the intervertebral joints and associated structures is not 
only to impart to the vertebral column the physical properties just men- 
tioned, but to endow it with certain forms of movement necessary to the 
performance of various bodily activities. While the extent of movement 
between any two vertebra: is slight, the sum total of movement of all the 
vertebrx is considerable. Again, the extent of movement varies in ditfeient 
regions of the column, being limited and dependent upon the character of 
the vertebra and the inclination of their articular processes. In the cer- 
vical and lumbar regions the movements of extension and flexion are freely 
allowed, extension being greater in the former, flexion being greater in the 
latter, particularly between the fourth and liflh vertebra:. Lateral flexion 
takes place in all portions of the columD, but is particularly marked in the 
cervical region. A rotatory movement of the column as a whole lakes place 
through an angle of 28 degrees. This is most marked in the loHer cer- 
vical and dorsal regions. In the dorsal region the surfaces of the articular 
processes lie in the arc of a circle, the center of which is in front of the 
vertebra:, and in consequence permit of considerable rotation. In the lum> 
bar region the reverse condition obtains and rotation is almost impossible. 

The Costovertebral and Costosternal joints are diarthrodial in 
character. The fonner are formed by the apposition of the heads of the 
ribs with the dorsal vertebrse and the tib tubercles with the transverse pro- 
cesses, the latter by the anterior extremities of the ribs and sternum Ihrough 
tbe intermediation of the costal cartil^es. Both sets of joints are provided 
with ligaments and closed synovial sacs. 

The function of the costovertebral joints is to permit of an elevation 
and depression of the ribs coincident with a forward and backward gliding 
moTement, which is essential to changes in the diameters of the thoracic 
cavity during respiration. At the costostemal joints the movemHiiVs. lit 
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complex, the resultant, however, being an elevation of the anterior ex- 
tremities of the ribs and an advance of the sternum during inspiration. 
During expiration the reverse takes place. The resultant of a combination 
of all the movements permitted at these joints is an elevation of the thorax, 
an advance of the sternum, and in consequence an increase in the trans- 
verse and anteroposterior diameters during an inspiratory movement. 
The reverse of these movements takes place during an expiratory move- 
ment. 

The Occipito-atlantal joints are formed by the apposition of the 
superior concave surfaces of the lateral masses of the atlas and the convex 
surfaces of the occipital condyles. 

The Atlanto-axoidean joints are formed laterally by the articular pro- 
cesses, centrally by the odontoid process, the anterior arch of the atlas, 
and the transverse ligament. 

The function of these joints is to give to the head great variety and 
range in its movements. In flexion and extension, the movement takes 
place around a transverse axis, the occipital condyles gliding alternately 
backward and forward upon the lateral masses of the atlas. The rotation 
of the head is accomplished by a movement of the collar formed by the 
atlas and the transverse ligament around the odontoid process of the axis, 
which is so extensive as to permit of a range of vision through i8o degrees. 



THE APPENDICULAR ARTICULATIONS. 

The appendicular articulations comprise all those entering into the for- 
mation of — 

1. The shoulder girdle, arm, and hand. 

2. The pelvic girdle, leg, and foot. 

The Shoulder Girdle presents two articulations. The sternoclavic- 
ular, which unites the clavicle to the sternum, and the acromioclavicular. 

The function of these joints is to endow the shoulder girdle with con- 
siderable mobility — enabling it to execute a series of movements upon the 
thorax. 

The Shoulder Joint, formed by the union of the hemispheric head 
of the humerus and the glenoid fossa of the scapula, belongs to the en- 
arthrodial, or ball and socket, variety. Though surrounded by ligaments 
and a synovial membrane, the bones are retained in position largely by at- 
mospheric pressure and muscular action. 
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The function of this joint is to endow the arm with great freedom of 
movement. Being a typical enarthrodial joint, the movements can take * 
place in all directions; and consist of flexion; extension; abduction, 
which, at an angle of 90 degrees, is checked by the Jocking of the great 
tuberosity of the humerus with the acromion process of the scapula ; ad- 
duction ; circumduction, in which the arm describes a cone the apex of 
which is in the joint, the base at the distal extremity ; rotation, in which 
the humerus revolves outward or inward around a vertical axis drawn 
through its head. 

The Elbow Joint is formed by the union of the lower end of the 
humerus with the sigmoid cavity of the ulna and the cup-shaped de- 
pression on the head of the radius. Owing to the configuration of these 
bones, great security is afforded this joint, independent of its ligamentous 
attachment. 

The function of this joint is to permit movements of flexion and exten- 
sion only, the former being limited at an angle of 30 to 40 degrees by 
the contact of the coronoid process with the humerus, the latter by the 
contact of the olecranous process with the humerus, when the ulna is in a 
straight line. This joint is not, strictly speaking, a true ginglymus joint, 
inasmuch as flexion and extension are attended by a screw like move- 
ment as the ulna glides over the obliquely disposed articular surface of 
the humerus. 

The Superior Radio-ulnar Joint is formed by the lesser sigmoid cavity 
of the ulna and the vertical border of the head of the radius, the latter 
being held firmly in position by the orbicular ligament. 

The Inferior Radio-ulnar Joint is formed by the concavity on the 
inner aspect of the radius and the inferior extremity of the ulna. 

The function of these joints is to permit movements of pronation 
and supination of the hand. The disposition of the ligaments at both ar- 
ticulations allows the head of the radius to revolve around a vertical axis 
and the inferior extremity to revolve around the ulna. In both supination 
and pronation the radius carries the hand with it. 

The Radio-carpal, or Wrist Joint, is formed by the union of the infe- 
rior quadrilateral surface of the radius, the triangular fibrocartilage and 
convex surfaces of the carpal bones, the scaphoid, semilunar, and cunei- 
form. 

The Carpal, Metacarpal, and Phalangeal Joints are formed by the 
union of the bones entering into the formation of the^ks\^vswi q.\ >^^\sasv^. 
D 
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The function of these joints is to endow the hand with all varieties 
and combinations of movements, enabling it to perform a large number of 
delicate and complicated actions. 

The Pelvic Girdle presents anteriorly the interpubic joint and poste- 
riorly the sacro iliac joints. 

The function of these joints, which are amphiarthrodial in character, 
is not so much to permit of movement, which is slight, as to prevent the 
forward and downward displacement of the sacrum and to enable it to 
transmit the weight of the body through the pelvic girdle to the lower ex- 
tremities. 

The Hip Joint is formed by the acetabulum on the outer surface of the 
OS innominatum and the globular head of the femur, both structures being 
accurately adapted to each other. To retain the femur in position the ace- 
tabulum is deepened by a rim of cartilage ; to render the joint more stable 
and to limit the extent of motion it is provided with strong ligaments and 
strengthened by overlying muscles. 

The function of the hip joint is to permit all those movements of the 
trunk on the femur, or the reverse, which are involved in walking, running, 
rowing, and allied muscular acts. Being a typical enarthrodial joint, 
movements can take place in all directions within certain limits, and may 
be grouped as follows : — 

1. A pendulum- like movement in any plane. , 

2. Rotation around the long axis of the limb. 

3. Circumduction, in which the limb describes a cone, the apex of which is 
in the joint, the sides being formed by the limb itself. 

The Knee Joint is formed by the apposition of the articular surfaces of 
the femur, tibia, and patella. It is partially subdivided by the interposition 
of two fibrocartili^es. From the mechanical construction of this articula- 
tion displacement of the bones would readily take place were it not pro- 
vided, as it is, with a large number of ligaments, tendons, and synovial 
membranes, which are so arranged as to make it the most complicated 
joint in the body. 

The function of the knee joint, being ginglymus in structure, is to per- 
mit movements of flexion and extension, which cover an angle of about 
145 degrees. These simple movements, however, are complicated by a 
gliding of the condyles upon the tibial facets so that the points of contact 
are constantly shifting. Owing to the shape of the condyles, extension is 
accompanied by outward rotation and flexion by inward rotation. 



The Ankle Joint miites ihe skclelon of (he fool to the lower eilremiiy 
of ihe leg. and is formed by the apposition of the convex aurface of the 
a-lrogslus and the concavitj' of the libia, and embraced od eiihcr side by 
tbe external and inlemal malleoli. 



The function of the ankle joint is to permit of flexion 
around an axis passing through the body of the astragalus, bat at soch an 
angle that Ihe movements do not take: place in a direct anteroposterior 
plane, bul in a plane directed outward and forward. It serves to transmit 
the weight of ihe body lo ihe foot. 

The Tarsal, MetataiEal, and Phalangeal JointE unite Ihe bones of 
ihe foot. They are very numerous and abundanlly supplied with liga- 
ments and synovial membranes. 

The function of these joints is to endow the arches of the foot with 
considerable elasticity, to diminish the effects of jars or shocks thai are 
transmitter! to the vertebral column, and lo adapt the foot lo changes of 
form necessilaled by the acts of walking, jumping, etc. 



GENERAL PHYSIOLOGY OF MUSCULAR 
TISSUE. 

The Muscular Tissue, which closely invests ihe bones of the body, 
and which is familiar lo all as the iiesh of animals, is the immediate cause 
of ihe active movemenls of Ihe body. This tissue is grouped in masses of 
varying siie and shape, which are lecbnically known as muscles. Muscles 
are so arranged and connected, for Ihe most part wilh the bones, in such a 
manner, that by an alleralion in their form (hey can change not only the 
position of the bones with reference lo one another, bul can also change 
the individual's relation lo surrounding objects. They are, therefore, the 
active organs of both motion and locomotion, in contradistinction lo ihe 
tiones and joints, which are bul passive agents in the performance of the 
corresponding movements. In addition, to the muscnlar masses which are 
atiached to the skeleton, there are also olber collections of muscular tissue 
surrounding cavities such as the slomach, intestine, blood-vessels, etc., 
which impart to iheir walls molihly, antl so influence ihe passage of mate- 
rial through them. 

Muscles produce movement of Ihe structuies lo which ey are atiached 
by the property with which they are endowed of chaogn^ 'Av«is5 '^■»j«. 
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I shorteniEig or cuntraclirsg under the influence or a stimulus transmitted to 

I Ihem from the nervous system. Muscles are, Iherefore, dirided into; — 

^^^^^ I. Voluntary muscles, comprising those whose activity is called forth by 
^^^^ stimuli of the nerves as the result of an act or effort of volition. 
^^^^H 2. InvohtHlary muscles, comprising those whose activity is entirely inde- 
^^^^V pendent of the volition. 

^^^^^ The voluntary muscles are kIso known from their attachment to the 
skeleton as skdelal, and &x>m Ibdr microscopic appearance as striped mus- 
cles. The involuntary muscles, from their relation to the viscera of the 
body, are known also ss visceral, and from their microscopic appearance as 
plain or smooth muscles. 

General Structure of Muscles. — All ikelelal muscles consist of a 
central fleshy portion, the body or belly, which is provided at either ex- 
tremity with a tendon in the form of a cord or membrane by which it is 
attached to the bones. The belly is the cootractile region, the source of 
the motor activity ; the tendon is an inactive region and merely transmit! 
the movement to the bones. 

A skeletal muscle is s com]>lex organ consisting of muscular fibers, Con- 
nective tissue, blood-vessels, and lymphatics. The general body of the 
niUBcle is surrounded by a dense layer of connective tissue, the ipimysium, 
which blends with and partly forms the tendon;. from its inner surface 
Ee of conneciive tissue pass inward and group the muscular fibers into 
larger and smaller bundles, termed fasciculi. The fasciculi invested by 
this special sheath, the perimysium, are irregular in shape, and vary con- 
Mderably in siie. The libers of the fasciculi are separated from each other 
and supported by a delicate connective tissue, the endomysittm. The COn- 
ive tissue thus surrounding and penetrating the rauscle binds ils fibers 
a distinct organ, and alTotds support to blood-vessels, nerves, and lym- 
phatics. The mUBCular libers are arranged parallel to each other, and their 
flireclion is that of the long aiis of the muscle. In length they vary firon 
JO 10 40 millimeters, and in diameter from 10 to 30 micromillimetcrs. 

The Vascular Supply to the rtiuscles is very great and the disposition 
of the capillary vessels with reference to the muscclar fiber is very charac- 
terislic. The arterial vessels, after entering the muscle, are supported by the 
perimysium ; in this situation they give off short, transverse branches, which 
immediately break up into a capillary network of rectangular shape wilhin 
which the muscular libers arc contained. The muscular Aber in intimate 
relation with the capillary is bathed with lymph derived from it. Its con- 
tractile substance, however, is separated from the lymph by its own invest- 
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ing membrane, through which all interchange of nutritive and waste mate- 
rials must take place. Lymphatics are present in muscle, but confined to 
the connective tissue, in the spaces of which they take their origin. 

The Nerves which carry the stimuli to a muscle enter near its geomet- 
ric center. Many of the fibers pass directly to the muscular fibers with 
which they are connected ; others are distributed to blood-vessels. Every 
muscular fiber is supplied with a special nerve-fiber except in those instances 
where the nerve trunks entering a muscle do not contain as many fibers as 
the muscle. In such cases the nerve fibers divide until the number of 
branches equals the number of muscular fibers. The individual muscle 
fiber is penetrated near its center by the nerve, the ends being practically 
free from nerve influence. The stimulus that comes to the muscle fiber acts 
primarily upon its center and then travels in both directions to the ends. 

Histology of the Muscular Fiber. — A muscular fiber consists of a 
transparent elastic membrane, the sarcolemma, enclosing the true muscular 
contents. Examined microscopically, the fiber presents a series of alternate 
dim and bright bands, giving to it a striated appearance. 

When the bright band is examined with high magnifying powers a fine, 
dark line is seen crossing it transversely. It was supposed by Krause to 
be the optical expression of a membrane which divides the cavity of the 
sarcolemma into a series of compartments, each of which contains a dim 
band of sarcous or muscle substance bounded at either extremity with the 
half of a bright band. This membrane has since been resolved into a row 
of granules. 

The muscular fiber also exhibits a longitudinal striation indicating that it 
is composed of fibrillae, placed side by side and embedded in some inter- 
fibrillar substance, to which the name sarcoplasm has been given. The 
fibrillse which are arranged longitudinally to the long axis of the fiber are 
grouped by the intervening material into bundles of varying size, the 
muscle columns. The fibrillae which extend throughout the length of the 
fiber are not of uniform thickness, but present at r^[ular intervals well- 
marked constrictions. 

In the region of the dim band, the fibrilla presents itself in the form of 
a homogeneousprismatic rod, termed sarcosiyle^ separated from neighboring 
rods by a slight amount of sarcoplasm. Between two successive rods is 
found a dark granule united by a thin band of similar material to the ends 
of the rods. The transverse row of granules corresponds to Krause's 
membrane. 

In the region of the granules there is a diminution of the sarcou& ^loick- 



I more transparent than Ibe former, the liber presents at tliis point a conspie- 

■ uons bright band. Rollet considers ihe sarcostyles to he pre-existent, nol 

^^^^^ the resnlt of postmortem or chemic changes, and tlie seat of the contrac- 

^^^^B lile elements. Tbe sarcoplasm isa passive material similar in its properties 

^^B It) protoplasm. 

^^^B BrQcke has shown that when the muscuUr liber is examined under 

^^^H crossed Nichol prisms the dim band appears bright and the bright band 
^^^H'appears dim against a dark background, indicating that the former is 

^^^H doubly refractile, or anisotropic, the latter singly refractile, or isotropic. 

^^^H The iiber, tlierefore. appears to be composed of alternate discs of anisotropic 

^^^P Structure of Nonstriated Muscular Fiber. — As the name implies, 
^^^ the involuntary fiber is nonstriated, being apparently uniform and homo- 
geneous in appearance. When isolated Ihe Hber presents iiself in tbe form 
of an elongated fusiform cell varying from the one-tenth to the one-six 
hundredth of an inch in length. In some animals the Rber exhibits a 
louj^iludioftl strialiOD, as if it were composed of libers, llie cell is sur- 
rounded by a thill, elastic membrane, and contains a distinct oval nucleus. 
The libers are usaally arranged in bundles and lamellae, and held together 
by a cement substance and connective tissue. This nonstriated muscular 
tissue is found in the muscularis mucosae of the aUmentary canal as well as 
in the muscular walls of the stomach and intestines, in the posterior part of 
Ihe trachea, in the bronchial tubes, in Ihe walls of the blood-vessels, and in 
many other situations. 

C hemic Composition of MuBc1e.-~The chemic composition of 
mnscle is imperfectly understood, owing to the fact that some of its conslit- 
uenla undergo a spontaneous coagulation after death, and that the chemic 
methods employed also lend to alter its normal composition. When fresh 
muscle is freed from fat and connective tiseue, froien, rubbed ap in a mor- 
tar, and expressed through linen, a slightly yellow, syrupy, alkaline, or 
neutral fluid is obtained, known as musc/t plasma. This fluid at normal 
temperature coagulates spontaneously and resembles in many respects the 
coagulation of blood plasma. The coagulum subsequently contracts and 
squeezeSDUt an acid muiclt itrum. The coagulated mass is termed myosin. 
This proleid belongs to the class of globulins. Inasmuch as it is not 
present in living mnscle, and only makes its appearance in the as yet living 
muscle plasma, it is probable thai it is derived from some pre existing 
(Ubalance. which is supposed to be niyoiinogfn. Myosin is digested by 



pepsin and trypsin. According lo Hiliiburlon, muscle plaamn contaios Ihe 
following proteid bodies: MyasioogeQ, parHmyosinogen, albumin, myoal- 
bumose, all of which did'^r in chemic composition and respond to various 
chemic and physical reagents. 

Ferment bodies, such as pepsin and diastase; nonnitrogenized bodies, 
such 33 glycogen, lactic, and sarcoUctic acid, fatty bodies, and inosile; 
nitrogetiiied extractives, ^.^., urea, uric acid, krealinin, as well as inor- 
gajilc salts, have been obtained from the muscle serum. 

Metabolism in Muscles. — The chemic changes which underlie the 

As shown by an analysis of the blood flowing to and from the restiag 
muscle, it has, while passing throagh (lie capillaries, lost oxygen and 
gained carbon dioxid. The amount of oxygen absorbed by the muscle, 
□ine per cent., is greater tban the amount of CO, given nlT, 6.7 per cent. 
There is no parallelism between Ifaese two processes, as CO, will be given 
off in the absence of oxygen, or in an atmosphere of nitrc^en. 

In the aclive or contrsctitig muscle both the absorption of oiygen and 
le production of COj are largely increased, but the ratio existing between 
n dilTers considerably from that of the resting muscle, for the quanlily 

^ of oxygen absorbed amonnis [o II. 26 per cent , the quantity of CO, I0.8 
t. (Ladwig). Moreover, in a lelanized muscle the qnantily of CO, 
given off may be largely in excess of the oxygen absorbed. From these 
facts il is evident that the energy of the conlraction does not depend upon 
the ditea oxidation of certain substances, but upon the decomposition of 
some unstable compound of high polenlial energy, rich in carbon and 
oxygen. Wben the muscle is aclive, its tissue changes from a neutral to an 
acid renclion from the development of sarcolactic and possibly phosphoric 
acids. The amount of glycogen present in mosclc, 0.43 per cent., 
diminishes, but muscles wanting in glycogen, nevertheless, retain their 
power of contraction. Water is absorbed. The amount of urea is not 
materially increased by muscular aclivily, unless it is excessive and pro- 
longrd, and (hen only in the absence of a sufticient quantity of nonnitro- 

I genized material. Coincident with muscular contraction, the blood-vessels 
become widely dilated, leading lo a large increase in the blood supply and 
B rapid removal of products of decompoailion. 

Rigor Mortis.— A short lime after death the muscles pass info 1 con- 
exlreme rigidity or contraction, which lasts from one lo five days. 
:ate they offer great resistance lo Entension, their tonicity disap- 
ir cohesion diminishes, their irrilabilily ceasM. TKet-wtA's^ -Jm; 
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:c of this postmortem or cadaTeric rigidity varies from s qttirter 
ir In seven hours. Its nnset sod duration are itiHuenced by the 
ot the muscular irritabilily at the time of death. When ibe itri- 
impaired Trom any cause, s-uch as liiscnse or defective blued sup- 
ply, the rigidity appears promptly, but is of short duration. Afler death 
froiD acute diseases it is apt to be delayed, but lo continue for a longer 

Tbe rigidity appears first in the muscles of ihe lower jaw and neck; 
next in the muscles of the abdomen and upper e>:tremities ; finally in the 
tninlt and lower extremiiics. It disappears iu practically the same order. 

Chcmic changes of a marked character accompany this rigidity. The 
muscle becomes acid in reaction rrom the development o! surcotactic acid, 
it gives oFT a large quanlity of carbonic acid, and is shortened and dimin- 

The immediate cause of the rigidity appears to be a coagulation of the 
myosinsgen witbin the satcolemma, with the subsequent formation of 
myosin and muscle serum. In the early stages of coagulation restitntion 
is possible by the circulation of arterial blood through the vessels. Tbe 
final disappearance of this eonlraclion is due to the action of acids dissolv- 
ing the myosin, and possibly to putrefactive changes. 

Source of Muscular Knergy. — According to most experimenters, it 
ii certain that normal muscular activity is not dependent on the metabolism 
of nitrc^enous materials, inasmuch as its chief end prodnct, urea, is not 
Increased. The marked production of CO, points to the com>>uslioD of 
wrae nnn nitrogenous matter; t. g., glycogeo, especially as this substance 
disappears during muscular BClivily. Muscles wanting in glycogen are, 
nevertheless, capable of conlracling for some lime. Moreover, there is no 
proof of the direct combustion of glycogen or any other carbohyilrale. It 
has been suggesled by Ilermaim that the energy of a muscular contraction 
inny be due lo ihe spliilmg and subsequent re- formation of a complex body 
belonging neither to the carbohydrates or fats, but to the albumins. To 
(bis body the term inogen has been given. This complex molecule, the 
product of tbe metabolic activity of the muscle cell, in undergoing decom- 
p<jsition would yield CO,, sarcolactic acid, and a protcid residue resembling 
myorin. With the cessation of tbe contraction, the muscle protoplasm 
recombines the proteld residue with oxygen, caiboli yd tales, and fats, and 
again forms inogen. 

The phenomena of rigor mortis support such a view. At the moment of 
this contraction the muscle gives off CO, in large amounts, the muscle 
becomes scid, aud myosin is formed. There is tbus a close analogy 



Ihe two proces^s j iq other words, a conlraction h a partial death 
nflhe muscle. As to whal becomes of the myosin formed during acontrac 
tion, nothing is known. It may be used in the formation of new in<^en. 

[ The Physical Properties of Muscular Tissue —The comislency of 
muscular tissue varies considerably, according to the different stales of the 
muscle. In a state of tension, it is hard and resistant ; when free from 
tension, it is soft and fluctuating, whether the muscle is contracting or rest- 
ing. Tension alone produces hardness. The tiiA«iiin of muscular tissue 
is less than thai of connective tissue, and is broken more readily. Cohesion 
resists Iractioo and pressure, and lasts as long as irritability remains. 

The clailicily o! a muscle, though not great, is almost perfect. Afler 
being eitendeii by a weight, it returns Lo its natural form. The limit of 
elasticity, however, is soon passed. A weight of 50 or \ca grams will 
overcome the elaslicil; so that it will not reluni to its original length. In 
Inorganic bodies the extension is diteclly proportional lo the extending 
weight, and the line of extension is straight. With muscles the enlension 
is not proportional to the weight. While at first it is marked, the elonga- 
tion diminishes as the weight increases by equal increments, so that tbe 
line of extension becomes a curve. In other words, the elasticity of a 
passive muscle increases with increased extension. On the contrary, the 
elislicilj of an active is less than a passive muscle, for it is elongated more 

I bj the same weight, as shown by experiment. 

I Tenicr'/y is a properly of all muscles in the body, in con.tcquence of 
being normally stretched to a slight extent beyond their natural length. 
This may be due to the action of antagonistic muscles, or to the ela5licily 
of [he parts of the skeleton lo which Ibey arc attached. This is shown by 
the shortening of the muscle which takes place when it is divided. Muscu- 
lar tonus plays an important rQle in muscular contraction. Being always 
on the stretch, the muscle loses no time in acquiring that degree ol tension 
necessary to its immediate action on the bones- Again, the working power 
of a muscle is increased by the presence of some resistance to the act of 
contraction. According to Matey, Ihc amount of work is considerably 
increased when the muscular energy is transmitted by an elastic body lo the 
mass to be moved, while, at the same lime. Ihe shock of the contraction is 
lessened. The position of a passive Limb is the resnltaol also of the elastic 
tension of antagonistic groups of muscles. 

Muscular Excitability or Contractility are terms employed to denote 
that property of muscular tissue in virtue of which it contracts or shortens 
a response to various excitants or stimuli. Though usually associated with. 



' activily of the nervous Eystem, it is, neverthelesE, »n independenl en- 
j'meni and persists aflcr oil nervous connections are deslroycd. If the 
ve terminals be destroyed, as Ihey can be hy the inlrodnetion of curara 
inlo the syslem, Ihe moscles become completely related and quiescent. 
The strongest stimuli applied to tbe nerves fail to produce a coatraction. 
Various external sLimuli applied directly lo the muscle substance produces 
at onee the characteristic conlraclion. The excitability of muscle is there 
fore an inherent ptopeitf , dependent on its natrition and persisiiog as long 
■s it is supplied vrith proper nutritive materials and surrounded by those 
external conililiuns which maintain its chemic or physical integrity. 

Muscular Contractions. — All muscular conlractions occurring in the 
body under normal physiologic conditions are either voluntary, caused 
hy a volitional elTort and the transmission of a nerve impulse from Ihe 
brain through the spinal cord and nerves to the muscles ; or rtflex, caused 
by a peripheral stimulation and the transmission of a nerve impulse to the 
spinal cord, to be rcflectetl outvrard through the same nerves lo the muscles, 
n either case the resulting conlraclion is essentially the same. The normal 
r physiologic stimulus which provokes the muscular contraction is a 
lerve impulse the nature of which is unknown, but is perhaps allied to n 
■nolecular disturbance. After removal from the body muscles remain in a 
e ol rest, inasmuch as they possess no sponCaneily of action. Though 
ststing of a highly irittabte tissue, they cannot pass from the passive to 
active slale except upon tbe application of some form of stimulation, 
'be stimuli which are capable of calling forth a contraction may be 
divided inlo: — 
. Mechanical. 
I. Chemic. 
3- Physical. 
4. Electric. 

Every mechanical slimulus of a muscle, r. g., [uck, cut, or lap, providing 
' it has sufhcient intensity, and is repeated with sufficient rapidity, will cause 
lot only a single but a series of contractions. 

All chemic agents which impair the chemic composition of the muscle 
with sufficient rapidity, e.g., hydroctiloric acid, acttic and oxalic acids, dis- 
tilled water injected in the vessels, etc., act as a stimuli, and produce single 
and mulliple conlractions, Physical agents, as heat and electricity, also 
acl as stimuli. A muscle heated rapidly lo 30° C. contracts vigorously, 
and reaches its maximum at 45° C. Of all forms of stimuli Ihe electric 
b the most generally used. Two forms are used — Ihe induced current and 
ihe make-and -break of a constant cuirent. • 



Changes in a Muscle During Contraclion. — When a muade is 

!liniulalecl, eilhfr indirectly through the nerve or directly hy any external 

agent, il undergo^ b series of cbang^E! which relate to its form, volume. 

optical, physical, chemic. and electric properties. These changes in 

their totality constitute the muscular contraclion. 

I. /erm.— The most obvious change is that of form. The fibers become 
shorter in their longitudinal and wider in iheir transverse diameters, and 
the moscle as a whole becomes shorter and thicker. The degree nf 
shortening mity amount to 30 per cent, of the original length. 

3. Volumi. — The increase in iratisverse diameter does not fully compen- 
sate lor the diminution in length, fur there is at the mnineni of cotitrac- 
lion a slight shrinkage in volume, which has been attributed to a 
compression of air in its interstices. 

3. Optical Ckiingts. — If a muscular fiber he enamineii microscopically 
during its contraction, it will he observed that when the contraction 
wave begins both bright and dim bands diminish in height and become 
broader, though this change is more noticeable in the region of the bright 
band. This Englemaim attributes to a passage of fluid material from 
the bright into the dim band. At the time of relaxation there is a re- 
turn of this material and the fiber assumes its original shape and volume. 
As the contraction wave reaches its maximum, the optical properties of 
both the isotropic and anisotropic bands change. TVeforaifr, which 
was odginally clear, now becomes darker and less transparent, until at 
the crest of the wave It assumes the appearance of a distinct dark band. 
■The latter, the anisotropic, which was originally dim, now becomes, in 
comparison, clear aiiii light This change in optical appearance is due 
to an increase in refrangibility of the isotropic and a decrease in the 
anisotropic bauds coincident with the passage of ilnid from the former 
into the latter. There is at the height of the contraction a complete 
reversal in the positions of the scriatiDiis, At a certain stage between the 
beginning and the crest of the wave there is an intermediate |Miint al 
which the striiE almost entirely disappear, giving to the Bber an appear- 
ance of homogeneity. There is, however, no change in refractive power 
as shown by the polarizing apparatus. After the contraction wave has 
reached the stage of greatest Intensity, there is a reversal of the above 
phenomena, and the (iber returns to its original condition, which is one 
of relaxation. 
Physical Changts, — The extensihiliiy of muscle is increased ilurjng the 

contiaction, the same weight elongating the fibers to n greater extent than 
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during retl. The elasticity, or its power of rctuining to its original form, 

correspocdingly diminished. 

Chtmic Changes. — The melaboliajn of muscle during the contrsctioD is 

;i7 active. There is an increase in the production of carbon dioxid aod 
the absorption of oiygen. The muscle changes from an alkaline or nea- 
iral to an acid reaction, from the development of BarcolactJC acid. The 
muscle also becomes warmer. The electric changes will be treated of in 
connection with nerves. 

Transmission of the ContractJon Wave. — Normally, when a mus- 
cle is stimulated Ly the nerve impulse the shorteaing and thickening of the 
fibers begin at the end organ and travel in opposite directions to ibe ends 
of the muscle. This change propagates itself in a wave-like manner and 
has been termed the contraction wave. If a stimulus he applied directly 
to the end of a long muscle, the contraction wave passes along its entire 
length to the oppasite eitremity in virtue of Ibe conductivity of muscular 
tissue. The rapidity of the propagation varies in different animals — in 
the itog from three to four meters per second, in man from to to 13 meters. 
The length of the wave varies from 200 to 400 millimeters. 

Graphic Record of a Muscular Contraction. — The chanj^es in llie 
form of a muscle during contraction and relaxation have been carefully 
studied by recording the mu.sculsr movement by means of an attached 
lever, the end of which is applied against a traveling surface. The time 
relations of all phases of the muscular movement are obtained by placing 
beneath the lever a pien attached to an electro- magnet thrown into action 
by a. tuning fork vibrating in hundredths of a second. A marking lever 
records simultaneously the moment of stimulation. 

Single Contraction. — When a single electric induction shock is ap- 
plied to B nerve close to the muscle, the latter uudei^oes a quick pulsa- 
lion, speedily returning 10 its former condition. As shown by the muscle 
curve [see Fig. 2), there is between the moment of stimulation aod tbe 
beginnbg of (he contraction a short hut measurable period, known as the 
lattnl ffriod, during which certain chemic changes are taking place pre- 
paratory to the exhibition of the muscular movement. Even when the 
electric stimulus is applied directly to the muscle a latent period, though 
ahorler, is observable. The duration of this period in the skeletal muscles 
of the frog has been estimated at o.oi of a second, but it has been shown 
by the employment of more accurate methoils and the elimination of vari- 
ous external influences to be Touch less, not more ibaa a.0033 to 0.0035 °^ 
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s ibE latenl period. This begins slowly, rapidly 
reaches its maximum, end ceases. Thi« has been lermed the stage oliising 
or increasing energy. The lime occupied in the stage of sborlening is 
about 0.04 of a second, though this will depend on the strength of ibe 
stimulus, the load wilb which the muscle is weighted, and the condition of 
the muscular irritability. 

The rilaxation immediately follows the Contraction. This lakes place 
M Grsl slowly, after which it rapidly relurns to its origitial leogth. This is 
the period of falling or decreasing enci^ and occnfaes about 0.0s of a 
second. The whole duration of a muscular contraclioti occupies, there- 
fore, about □. I of It second. 

Hniiluat, or aftet-yibtaiions, are frequently seen which are due to changes 



in the elasticity of the muscle. The amplitude of the contraction depends 
upon the condition of the muscle, the load, the strength of stimulus, etc. 

Contraction of Nonstriated Muscle. — The curve obtained by regis- 
tration of the contraction of non&triatCKl muscle shows that it is similar in 
many respects to that of the strinted muscle, except that the duration of 
the former is considerably longer than the latter. 

Action of Successive Stimuli.— If 3 series of successive stimuli be 
applied to a muscle, the effect will be different according to tbe rapidity 
with which they fallow each other. If the second stimulus be applied at 
the termination of the contraction due lo the first stimulus, a second eon 
traction follows similar in all respects, to the first. A third siimulus pro- 
duces a third contraction, and so nn until the muscle becomes exhausLcd. 
If the second stimulus be applied during either of the two periods of the 
lirst contraction, tbe effects of the (wo stimuli will be added together and 
the second contraction will add itself to the lirst. The maximum canUw.- 
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aed when the second stimulus is !ip|ilied s^v of a second after 
the l^rsl. 

Tetanus— When h aeries of stimuli are applied to a muscle fullowing 
ich other will] mediutn rapidity, the muscle does not get time to relax in 
the intervals of stimulation, but remains in a slate of vibratory contraction, 
whicb may be regarded as incipient tetanus, or clonus. As the stimulation 
rncreoses in frequency the vibratioos become invisible, being completely 
fused together. There is, nevertheless, during the tetanic coniiilion a series 
of continuous contractions at^d relaxations taking place. After a varying 
length of time the muscle becomes rsti[;ued, and, not withstanding the stim- 
ulation, begins slowly to elongate. The number of stimuli necessary per 
second for the production of tetanus varies in different animals ; e. g.. 2 to 
3 for muscles of the tortoise, to for muscles of the rabbit, 15 to 20 for (he 
frog, 70 to So for the birds. 330 to 340 for insects. 

A Voluntary Contraction In man may be regarded as a state of 
tetanus, for if the curve of a voluntary movemenl be examined it will be 
found to consist of intermittent vibraliuns. The simplest volunt'ary move- 
ment of a muscle, however rapidly it may lake place, lasts longer than a 
single muscular Contraction due to an induction shock. The most rapid 
voluntary contraction is the result of from 2,5 to 4 stimulations per second 
and has a duration of from o 041 to 0,064 °^ " second. A continuous 
voluntary contraclioo is an incomplete tetanus. The number of stimuli 
Mnllothe muscles is, on the average, 16 to 18 for rapid contractions, S to 

The Production of Heat and its Relation to Mechanical Work. 
— The trans form.ition of energy which takes place during a muscular con- 
traction, and which is dependent upon chemic changes occurring at thai 
time, manifests itself as heat and mechanical work. While heat [s being 
evolved continuously during the passive condition of muscles, the amount 
of heat is largely increased during general muscular contraction. A skele- 
tal muscle of ■ frog, f. g., the gastrocnemius, when removed from the boity 
(hows, after teunizBlion, an increase in its temperature of from 0,14° to 
0.18= C, and after a single contraction of from 0,001° to 0.005" C. While 
(very muscular coolraclion is attended by an increase in heal production, 
the amount so produced will vary in accordance with certain conditions, 
.e.g., tension, work done, fatigue, circulation of blood, etc 

7'ttuian. — The greater the tension of a muscle, the greater, other i:on- 
dilions being equal, is the amount of heal evolved. When the ends of a 
muscle are fastened 10 that no shortening is possible during stimulation the 



crease in lemperature is due Id the tCDsion o{ anlagonislic anH strongly con- 
Iracted muBcUs. The evolution of heal, tbeiefore, bears a relatioo to the 
resistance agginst which the muscle is acting. 

MfcAanical tVori.—Ji a muscle contracts loaded by a weight just sufH- 
cient to elongate it to its original length, heat k evolved, but no mechanical 
work is done, all the energy liberated manifesting itself as beat. When 
tbe weight which has been lifted is removed from the muscle at the height 
of coQiraction, external work is done. In this case the amount of beat 
liberated is less, owing to the work done, for some of the heat generated is 
transformed into mechanical motion. According to the law of the Con- 
servation of energy, tbe amount of heat disappearing should correspond in 
heat units to tbe number of foot pounds produced by muscular contiaction. 

Muscle Sound. — Providing a muscle be kept in a state of leosion 
during its cotilraction, the intermittent variations of its tension cause the 
muscle to emit an audible soutid. If the muscle be telanized by induction 
shocks, the pitch of the sound correspoods with the uutnber of stimuli per 
second. A voluntary contraction is atlended by a tone having a vibration 
frequency of aboot 36 per second, which is, however, the first overtone of 
the true muscle tone, which is caused by a contraction frequency of about 
18 per second. This low tone is inaudible, from the low rate of vibrations 

Muscular Fatigue.— Prolonged or excessive musCDlar activity is fol- 
lowed by a diminution in the power of producing work ami in increase in 
the duration of the muscular contractions. Fatigue is accompanied by a 
feeling of stiffness, soreness, and lassitude, referable to the muscles them- 
selves. In the early stages of muscular fatigue, the contractions increase in 
height and duration, to be followed by a progressive decrease in height, 
but an increase in duration, until tbe muscle becomes exhausted. The 
cause of the fatigue is the production and accumulation of decomposition 
products, such as phosphoric add and phosphate of potassium, CO,, etc. 
A fatigued muscle is rapidly restored by ilie injection of arterial biood. 

Work Done. — ^Muscles are machines capable of doing a certain amount 
of work, by which is meant the raiding of a weight against gravity or the 
overcoming of some resistance. The work done is calculated by multiply- 
ing the weight by the distance through which it is raised. Thus, if a 
muscle slioitens four millimeters and raises 250 grams, it does work equal 

■wit being weighted, no work is done. Equally, when the muscle is ovet- 
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weighted so that [t is unable lo contrsct, no work is done. Tbe amount of 
work a muscle can do will depend upon the area of its Iranaverse section, 
the length of its fibers, and the amounl of the weight. The amount of work 
a laborer of 70 kilograms weight performs in eight hours avffa^es 105,605 
kilogram-ineleis, or 340.2 foot tons. 



SPECIAL PHYSIOLOGY OF MUSCLES. 

The individual muEcles of the axial aod appendicular portions of (he 
body are named with tetetence to their ehape, action, structure, etc,; i. g., 
deltoid, BeKor, penniform, etc. In different localities, a group of muscles 
having a. common function is named in accordance with the kind of motion 
it produces or gives rise to; e. g., groups of muscles which alternately 
bend or straighleii a joint, or alternately diminish or increase the angular 
distance between two bones, are known respectively as^j:o«and ixUnson; 
such muscular groups are in association with ginglymus joints. Muscles 
which turn the bone to which they are attached around its own axis without 
producing any great change of position are known as rclahis, and are in 
association with the enarthrodial, or ball-and-socket joints. Moscles which 
impart an angular movement of the extremities to and from the median line 
of the body are termed abductors and adductors. 

In addition to the actions of individual groups of muscles in causing 
Special movements in some regions, several groups of muscles are coordi- 
nated for the accomplishment of certain definite functions ; e.g., muscles of 
respiration, mastication, expression. The coordination of axial and appen- 
dicular muscles enables the individual to assume certain postures, such as 
standing and silting ; to engage in various acts of locomotion, as walking, 
running, swimming, etc. 

Levers. — The fimction or special mode of action of individual muscles 
can only be understood when the bones with which thej are connected are 
regarded as levers whose fulcra or fixed points lie in the joints where the 
movement lakes place, and the muscles as sources of power for imparting 
movement to the levers with the object of overcoming resistance 01 

[n mechanics, levers of three kinds or orders are reci^niied, according 
to the relative position of Ihe/u/irrwm or axis of motion, tbe ^plied power, 
«nd the Wright to W moved. See Fig. 3. 

In levers of the frit order the fulcrum, F, lies between the weight or 
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resislarce, W, and Ihe power of movinE force, P. The dislance PF is 
known as ihc power aim, ihe distance WF as the weiglil atm. As an 
example of lliis form of lever in the human body may be mentioned — 

1. The elevation of the trunk fi-om the flexed position. The axi? of move- 
ment, the fulcrum, lies in the hip joint; the weight, that of the trunk, 
acting as if concentrated nl its center of gravity, placed between the 
shoulders; the power, the contracting moscles attached to the tuberosity 
of the ischium. The opposite movement is equally one of the first order, 
but the relative positions of P and W are reversed. 

2. The skull in its movements backward and forward upon the atlas. 

In levers of the sfcond order the weight lies between the power and the 
fulcrum. As an illuairalion of this form of lever may be mentioned — 

1. The depression of the lower jaw, in which movement the fulcrum is the 
lemporomaxillary articulation ; the resistance, the tension of the elevator 
muscles ; the power, the contraction of 

the depressor muscles. ^ P I 

2. The raising of the body on the tocB— F t^ -r i-(i) 

being the toes, W the weight of the body 
acting through the ankle, P, the gastroc- 
nemius muscle acting upon the heel 

In levers of [he third erder the power is 
applied at a point lying between the fulcrum 
and the weight. As examples of this form ric. 3.— J hhTiui^eb Obdhrs of 

1. The flexion of the forearm — F bring Ibe elbow joint, P the contracting 
biceps and brachialis amicus muscles applied at their insertion, W the 
weight of the forearm and band. 

2, The extension of Ibe leg on the thigh. 

When levers are employed in mechanics, the object aimed at is the over- 
coming of a great resistance by the application of a small force acting 
through a great space so as to obtain a mechanical advantage. In the 
mechanism of the human l)ody the reverse generally obtains, viz., the over- 
coming of a small resistance by the application of a great force acting 
through a small space. As a result there is a gain in the extent and mpid- 
ity of movement of the lever. The power, however, owing to its point of 
application, acts at a great mechanical disadvantage in many instances, 
especially in levers of the third order. 

Postures. — Owing to its system ofjoints, levers, and muscles, the human 
body can assume a series of positions of equilibrium, such ai. Ua.vAx-a'^ vc^ 
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r silting, So which Ihe name posture has been given. In order that the body 

I ma; remain in a state of stable equilibrium in any posture, it is essential 

■ that the vertical line passing through the center of gravity shall fall within 

^^^^^ the base of support. 

^^^^H StaKiiiHg is that positioD of equilibrium in which a line drawn through 
^^^^H the center of gravity falls nithin the area of both feet placed on the ground. 
^^^^H This position is maintaioed- — 

^^^^H t, By firmly fixing the head on the top of the vertebral column by the 
^^^^H action of the muscks on the back of the neck. 

^^^^F 1. By making the vertebral column rigid, which is accomplished b; the 
^^^^ longissimus dorsi and the quadratus Inmborum muscles. This having 

r been accomplished, ihc center of gravity falls in front of the tenth dQisa.1 

I vertebra; the vertical line passing through this point falls behind the 

^^^^ line connecting both hip joints. In consequence, the Iranlt is not balanced 

^^^^L on the hip joints, and would fall backward were it not prevented by the 

^^^^1 contraction of the rectus femoris muscle and ligaments. At the knees 

^^^H and SJikles a similar balancing of the parts above is brought about bj 

^^^B the action of various muscles. When the entire body is in the erect or 

^^^^1 military position, the arms by ibe sides, the center of gravity lies between 

^^^^1 the sacrum and the last lumbar vertebra and ibe vertical line touches 

^^^f the ground between the feet and within the base of support. 

I Sitting erect is a condition of equilibrium in which the body is balanced 

on the lubera ischii, when the trunk and head tt^lher form a rigid column. 
The vertical line passes between the tubera. 

Locomotion is the act of transferring the body, as a whole, through 
■pace, and is accomplished b; the combined action of its own muscles. 
The acts iavotved consist of walking, ranning, jomping, etc. 

Walking is a complicated act involving almost all the voluntary muscles 
of the body, either for purposes of prt^ression or for balancing the head and 
trunk, and maybe defined as a prngressiun in a forward horizontal direc- 
tion, due to the alternate action of both legs. In walking, one leg becomes, 
for the lime lieing, the active or supporting leg, carrying the trunk and head, 
the other the passive but progressive leg, to become in turn the active leg 
when Ibe fool touches the ground. Each leg, therefore, is alternately in an 
h active and passive state. 

^^^■^ Running it distinguished from walking by the fact that, at a given mo- 

^^^^1 ment, both feet are off the ground and the body is raised in the air, 
^^^^1 While the limits of acompend do not permit of a description of the origin, 

^^^H insertion, and mode of action of the individual mu'^clcs of the body, it has 
^^^^1 been tbougbl desirable to call attention to a few of the principal muscle* 
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whose function it is to produce special fonns of movenienl, as meU as loco- 
motion. (See Fig. 4.) The erect position ia largely mainlainci! hy the 
fixation of the spinal column ani) the balancing of the head upun ils upper 
extremity ; the former is accompHnied bj the Erfctor spina: muscle, named 
from its funclioD aod its fleshy continnalions, situated on each side of ibe 
vertebral column. Arising from the pelvia and lumbar vertebix, this muscle 
passes upward, and is attached by its continuations to all the vertebra, lis 
action is 10 extend the vertebral column and to maiatwo the erect poaition. 
The head ts balanced upon the top of the vertebral column by the com- 
bined action of the trapezius aod suboccipital muscles forming the nape cf 
the necli, and by the Slimo-cleido-mailoid muscle. This latter muscle 
arises from the ioner third of the clavicle and upper border of the sternum. 
It is inserted into the temporal bone just behind the ear. Its action Is 10 
tlex the head laterally and to rotate the face to the opposite side. When 
bolh muscles act simultaneously the head and neck ate flexed upon the 
thorax. 

The Ttmporal and Masseter muscles, sitnated at the side of the head, 
arise respectively from the temporal fossa and the zygomatic arch and are 
inserted into the ramus of the lower jaw. Their action is to close the 
mouth and aaslst in mastication. The OcdfUofrentalh, the Orbuularis 
palpebrarum, and OrliUularu oris muscles are largely concerned in wrink- 
ling the forehead, closing (he eyes and mouth, and in giving various expres- 
sions to the face. 

The Dtltoid is » thick, triangular muscle covering the shoulder joint. 
Arising from the outer third of the clavicle, the acromion process and the 
spine of the scapula, its fibers converge to be Insetted into the humeriit 
just above its middle. Its action is to elevate the arm through a right angle. 
Owing to ils point of insertion it acts as a lever of the third order, but, 
notwithstaoding the advantageous point of insertion, il acts al a consider- 
able disadvantage, owing to the obliquity of its direction. 

The Biceps muscle, situated on the anterior aspect of the arm, arises from 
the upper liorder of the glenoid fosaa and the coracoid process, and is 
iuserted inlo the radius just beyond ibe elbow joint. Its action is to f)ei 
and Eupinate the forearm and to place it in the most favorable position for 
striking a blow. When the forearm is fixed it assists in flexing the arm, as 
in climbing. 

The Triceps muscle, situated on the back of the arm, arises from the 
scapula and the posterior surface of tbe humerus, and is inserted in the 
olecranon process of the ulna. In its action il directly antagonizes the 
biceps, namely, extending tbe forearm. In so doing il acta as a lever of 



corresponding gain in both speed Bud range of movement. The muscles 
of the forearm are very namerons. Tbelr action is lo impart to the fore- 
arm and hand a variet]' of movements, suet as pronation, supination, 

The Pecloralis Major and Minor muscles form ihe Reshy masses of the 
I breast. Arising from the inner half of the ckvicle, the side of the sternum, 
and the outer surfaces of the third, fourth, and ftfth libs anteriorly, the mus- 
' cular libers converge (o be inserted into the humerus and coracoid process. 
Their combined action is to adduct, Hex, and rotate the arm inward, and 
u draw the scapula downward and forward, i 
folding of the arms across the chest. 

The Rciitt! abdomiais and the Obtiquu! e 

The Gliitti muscles are three in nurtiber, arranged in layers, and form 
the fleshy masses known as the buttocks. They arise from the side of the 
pelvis and are attached to the femur in Ibe neighborhood of the great Iro- 
chanler. Their action is to extend the hips, lo raise the body from the 
stooping position, to assist in walking by tirmly holding the pelvis on the 
thigh while the opposite leg is advanced in the forward direction. 

The Rectus frmoris with its associates, the rectus internus and extemus 
and crureuB, form the fleshy mass on the anterior surface of the thigh. The 
former arises from the anterior part of the ilium, the latter from the femur. 
Their common tendon, which is united to the patella, is coatinued as the 
ligamentum patellae, which is att.iched to the opper part of the tibia. The 
action uf this muscular group is to extend the leg, to flex the thigh, and to 
raise the eotire weight of the tKidy, as in passing from the sitting to the 
erect position. 

The Bittps fimoris muscle, sitnated on the outer and posterior aspect of 
the thigh, arises from the tuber ischii and is inserted into the head of the 
fibula. 

The Seuiimemiranosus and the StmiltHdinosiis muscles, situated on 

the inner and posterior aspect of the thigh, are inserted into the head of 

' Ihe tibia. Their combined action is to extend the hi[>s and to flex the knee. 

Acting from below, they assist in raising the body from the stooping 

The Gaslroinemiui muscle forms the enlargement known as the calf of 
Ihe leg. It arises by two heads from the condyles of the femur. Its ten- 
don, the tendo achillis, is inseited into the posterior surface of the heel 
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PHYSIOLOGY OF NERVOUS TISSUE. 

The Nervous Tissue, which unites a.nd coordinates Ihe various organs 
<s of the bodj and brings the individual into relationsbip with 
the external world, is arranged in two systems termed the Cirthraspina/ 
and the Sympalhetic. 

The Cerebrospinal System consists in man and the higher animals 
of— 

1. The brain and spinal cord contained uithia the cavities of the cranium 
aod spina] column respectively, and 

2. The cranial anil spinal nerves. 

The Sympathetic System consists of^ 
1. A double ciiain of (langlia connected tt^elhei by nerves, situated on 
each side of the spinal column and extending from the base of the skull 
lo the tip of the coccyx, 

3. Of various collections of ganglia situated in the head, face, thorax, 
abdomen, and pelvis; all the ganglia are united by an elaborate system 
of in tercommani eating nerves, many of which are connected with the 
nerves of the cerebrospinal system. 

It is usually slated that the cerebrospinal system is (he nervous system of 
animal life and presides over the functions of motion, sentstioo, etc., while 
the sympathetic is the nervous system of organic life and governs the 
functions of nutrition, growth, secretion, etc. 1'here is reason to believe 
that this distinction of function between the two systems is not a natural 
but an attiRcial one-, that the ganglia of the sympathetic system do not 
possess independent functions, but are rather modifiers of the 
nerves originating in the cerebrospinal system. 

Nervous Tissue ii composed of two kinds of matter, the gray a 
■mhilt, which differ in their color, structure, and physiologic endownien 
the former consists of vtsielts or cells which receive and generate nei 
force; the latter consists of Jiiers which simply conduct it, either from the 
periphery to the center or the reverse. 




Structure of Gray Matter. — The gray mnttcr, found on the surface of 
Ihe brain, in ihc conTolutfon^. in tbe interior of the spinal cord, and in the 
TDcious ginglia of the cerebrospinal and sympnthetic nervous systems, con- 
sists of a line cantieclive tissue stroma, the neuroglia, id the meshes of 
which are embedded the gray' cells or Ttiicles. 

The cells are grayish in color, and consist of a delicate investing capsule 
containing a soft, granular, albuminous matter, a nucleus, and somctinies ■ 
nucleolus. Some of the Cells are spherical or oval in shape, while others 
have an interrupted outline, on account of having one, two, or more pro- 
cesses issuing from tbem, conslituting Ihe unipolar, dipolar, or multipolar 
Dcrve cells. Cells vary in size : the smallest being found in the brain, the 
largest iu the anterior horns of ihe gray matter of the cord. Some of the 
cell processes become continuous with Ibe libers of the while matter, while 
nlhets anastomose with those of adjoining cells. 

Structure of White Matter.— The while mailer, found for the most 
part in the inicrior of Ihe lirnin, on Ihe ™rface of the spinal cord, and in 
almosl all Ibe nerves of the cerebrospinal and sympathetic systems, consists 
of minute fibers cylindrical in form, arranged in bundles held together by 
connective tissue. The nerve fibers present considerable variation in size 
in different parts of the nervous system. The largest libers are found in 
the peripheral nerves, where itiey have a diameter of yg'^^^ths of an inch ; 
the smallest are found in the brain and spinal cord, where they have a diam- 
_eter of only g^'^^ths of an inch. 

A typical nerve fiber presents three well-marked structural elements, 
e. g. .— 

I. An external investing membrane, tubular in shape. 
z. An intermediate semifluid substance, the medulla or myelin. 
3. A dark central thread, the axis cylinder. 

Many fibers, however, ate devoid of the medulla. This variation in 
structure has led to the division of the fibers into two groups, viz., the med- 
ullaliJ and the nonmedullaltd. 

MeduUated Nerve Fibers.— The eiteraal investing membrane of the 
nerve liber, generally termed the neurilemma, is thin, transparent, horat^e- 
neous, and closely applied to the medulla. Owing to its colorless appear- 
ance it can be seen only with difficulty in the recent cotidilion ; when 
treated with various reagents it becomes quite distinct. Physically it is 
quite resisting and elastic, resembling the sarcolemma of Ihe muscle fiber. 
Its function is doubtless that of a prc:(ecling agent to the more delicate 
'e contained within it. 



The mtdulla or myelin, Ihi while suii/antt of Sck-amnn, complelel; fills 
the tubular membrane and closely invests the xt\% cylinder. When the 
nerve is perfectly fresh, the medulla is clear, transparent, homi^eneous 
[ highly refractive, and of an oleagitioua consistence. When the nerve is 
I (abjecled to reagents which alter Us composilioii, the medulla becomes 
I opaque and imparts to the nerve a white, glistening appearance. As to 
I the function of the medulla nolhing definite is known. By wme it is re- 
I, garded as an insulating agent to the axis cylinder, prevenling the difiusioo 
B force to adjoining fibers. Inasmuch as il is wauling in a large 
I proportion of fibers which conduct nerve force wilhool diffusion, il is ques- 
tkinable if this function can be assigned to il wilb any degree of cerlainly. 
The axis cylinder is in all prubabiitty the most essential element of [he 
nerve fiber, as it is the only part uniformly continuous throughout lis 
course. In the nataral condition it is transparent aud Invisible, but when 
treated with proper reagents, it presents itself as a pale, granular, flattened 
hand, albuminous in composition, more or less solid, and somewhat elastic. 
The axis is longitudinally striated, showing that il is composed of a num- 
ber of fibrills. This is in all probability the most essential element of the 
nerve fiber and is the medium of the transmission of nerve force from the 
center to the periphery and in the reverse direction. 

Nodes or Conslriciions of Raavitr.^Kx inlervals of about 75 times its 
diameter the meduliated nerve liber undergoes a remarkable diminution in 
size, caused by an interruption of the medullary layer, so that the external 
investment lies directly upon the axis cylinder. These constrictions, taking 
their name from their discoverer, Raovier, occur at regular intervals along 
the course of the nerve, separating it into a series of segments. The por- 
tion between the constrictions is known as the internodal segment. Il has 
been supposed that in consequence of the absence o( the myelin at the 
constrictions, a free exchange of nutritive material and decomposition pro- 
ducts can take place between the axis cylinder and the plasma. 

Nonmedu Hated Nerve Fibers. — The nonmedullated nerve fibers con- 
ust only of an axis cylinder with the external tubular membrane. Though 
much less abundant than the former variety, Ihey are distributed largely 
throughout ihe nervous system, but are particularly abundant in the sym- 
pathetic system. Owing to the absence of a medulla they present a rather 
pate or grayish appearance. Kccent investigations would seem to show 
that all the nerve fibers which come fri>m the sjiinal cord are at first me<iul- 
laled, but on passing through Ihe sympathetic ganglia they are deprived of 
the medulla, this being more particularly the case with those branches 
which are distributed to the bloodvessels and atidominal vise 
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Structure of Nerve Trunks.— Aflet their emergence ftom the brain 
sod spinal coid, tbe oerve fitiers are bound logelber by conuective tissue 
into the form of conlinuous bundles, separale and distinct, which connect 
the brain and cord with all the remaining slructures a{ ibc body. These 
bundles are teclinically known as nerves or nerve trunks. Each nerve is 
invested by a thick layer of lamellated connective tissue known as the 
ipimuriairi. A trsnsverse section of a nerve shows that il is made up of 
a number of small bundles of libers eacli of which possesses a separate in. 
vestment of connective (issue, the pirituuritim. W th n this latter mem- 







brane are contained the ultimate nerve fibers, supported and separated b 
a fine stroma, the endetuitrium. {Sec Fig. 5,) After pursuing a looger o 
shorter course, the nerve trunk gives off branches which interlace ver 
freely witb ncigbboring branches, forming a pltxtii, the fibers of which ar 
distributed to associated organs and r^ions of the body. From ihei 
origin to their terminatioii, however, nerve fibers retain their iodividiiiJit 
and never become blendetl with adjoining fibers. 
^L, A< nerves pass from their origin toward their peripheral termination 




they give otf ■ number of branches, each of which becomes invested with 
1 iBmellflteil sheath which is an offshoot from thai invi 
trunk. This divisJOQ of nerve bundles and aheath canLinues throughout 
all the branchings down to ihe ultimate nerve fibers, each of which is si 
rounded by a sheath of its own, consisting of a single layer of eadothelial 
celU. This transparent membrane, the sheath of Henle, is separated from 
Ibe nerve Gbcr by a considerable space, in which is probably contained a 
quantity of lymph. 

Near their ultimate terminatiotis the nerve (ibcrs themselves undei^o 
division, so that a single liber may give origin to a number of branches, 
each lit which contains a portion of the parent axis cylinder and Ihe 

Nerves are channels of coram uiiicalion between the brain and spinal 
cord and [he mnacles, glands, blood-vessels, skin, mucous membrane, etc., 
in which they ultimately terminate. Any stimulation of a nerve, either in 
its course or at its termination, develops an excitation which travels through- 
out the length of the iiber. If the excitation develops a muscular move- 
ment, an act of secretion, or a change in Ihe caliber of a blood-vessel, it is 
termed an tfftrtnt nerve. If the excitation develops in the brain a con- 
scious sensation, it is termed an afftunt nerve. As far as can be deter- 
mined by microscopic and chemic investigations there is no difference 
between these two classes of fibers. 

Nerve Terminations. — 
1. Central. Both elfereni and afferent nerve tibers, as they enter the spinal 

cord and brain, lose their exterttal investments, and, retaining only the 

axis cylinder, ultimately become connected with the processes of Ihe 

gray cells. 
z, Periphtral. As the nerves approach the tissues to which they are to 

be distributed, they inosculate freely, forming a plixus, from which Ihe 

ultimate lil>ers proceed to individual tissues. 

Efferent Nerves. — In the vaiiintary or striptd muscles the efferent 
nerves are connected with Ihe contractile substance by means of the 
^' laoterial rndfilgUs ;" when (he nerve enters [be muscul.ir fiber ihc 
lubular membrane blends with the sarcolemma, the medullary layer dis- 
appears, and the axis cylinder spreads out into the form of a little plate, 
granular in character, and containiog oval nuclei. 

In the HHj/ri]^i/ or I'lifo/unAirj' muscles, the terminal nerve fibers form 
■ plexus on the muscular fiber cells, and become connected with the granu- 
lar contents of the nuclei. 
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e glaiit/s, nerve fibers hare been traced lo the glandular cells, where 
TQ a branching plexus rrom whicli fibers pass into their inlerior and 
; connected with their substance, and thus influence se 



A^crent Nerves lerminale in the shin and mucoiu merobraneE, in 
ibree distinct modes, e.g., as tactile corpascles, Facioian corpuscles, and as 
end bulbs. 

The tactile mrpitscUs are found in the papillte of Ihe Inie skin, especially 
on the palmar surface of the hands and fingers, feel and toes; they are 
oblong bodies, measuring about yjgtbs of an inch in length, consisting of ■ 
central bulb of homogeneous connective tissue surrounded by elastic fibers 
and elongated nuclei. The nerve fiber approaches the base of the corpus- 
cle, makes two or three spiral turns around it, and terminates In loops. 
They are connected with the sense of touch. 

The Pacirtian carpuscles are found chiefly in the subcutaneous cellular 
tissue, on the nerves of the hands and feel, the intercostal nerves, the 
cutaneous nerves, and in many other situations. They are oval in shape, 
measure about the y'^th of an inch in length on the average, and consist of 
conceotric layers of connective tissue ; the nerve fiber penetrates the cor- 
puscle and terminates in a rounded knob in the Central bulb. Their /kfii-- 

The end bulbs ai Krause are formed of a capsule of connective tissue in 
which the nerve fiber terminates in a coiled mass or bulbous extremity : 
they exist in the conjunctiva, tongue, glans penis, clitoris, etc. 

Manj offereni nerves terminate in the papilla; at the base of the hair 
follicle ; but in the skin, mucous membrane, and organs of special sense 
their mode of termination is not well understood. 



PROPERTIES AND FUNCTIONS OF N£RVES. 

All the nerves which emerge from the brain and spinal cord may be 
divided, according to the direction in which they carry nerve impulses, into 
two groups, vii. : EfftrenI and Afferent. 

The EtTerenl or Centrifugal nerves convey nerve impulses from the 
brain and spinal cord to various peripheral organs, and may be classified as 
follows ; — 

1. Mtuaitar or Motor nerves, as when they conduct nerve impulses to the 
muscles and give rise to muscular contraction. 

2. Glattdvlar or Stcreloty nerves, as when they conduct nerve impulses to 
glands and e 
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3. Vascular or Vasomotor^ as when they convey nerve impulses to the 
walls of the blood-vessels, and by stimulating or inhibiting the muscular 
fibers vary the caliber of the vessel. 

4. Inhibitory, as when they conduct impulses which inhibit the activity of 
an organ. 

The Afferent or Centripetal nerves convey impulses from the peri- 
pheral organs and tissues to the brain and spinal cord and may be classi- 
fied as follows : — 

1. Sensory -facient nerves, as when they conduct nerve impulses which 
give rise in the brain to conscious sensations. They may be subdivided 
into — 

a. Nerves of special sense, e.g., optic, olfactory, auditory, gustatory; 
as when they conduct impulses to the brain which give rise to visual, 
olfactory, auditory, and gustatory sensations. 

b. Nerves of general sensibility, e. g. , tactile, thermal, sensory ; as when 
they conduct impulses to the brain which give rise to sensations of 
touch, changes of temperature, and pain. 

2. /Keflex nerves, as when they conduct nerve impulses to the nerve centers 
to be reflected out, through efferent nerves, to muscles, glands, blood- 
vessels. 

Nervous Irritability, Excitability. — These terms are employed to ex- 
press that condition of a nerve which enables it to conduct nerve impulses 
from the centers to the periphery, from the periphery to the centers, and to 
respond to the action of artificial stimuli. A nerve is said to be excitable 
or irritable as long as it possesses these capabilities or properties. For the 
manifestation of these properties the nerve must retain a state of physical 
and chemic integrity ; it must undergo no change in structure or chemic 
composition. The irritability of an efferent nerve is demonstrated by the 
contraction of a Tnuscle, the secretion by a gland, a change in the caliber of 
a blood-vessel, whenever a corresponding nerve is stimulated. The irrita- 
bility of an afferent nerve is demonstrated by the production of a sensation, or 
a reflex action whenever it is stimulated. The irritability of nerves continues 
for a certain period of time after the death of the animal, varying in different 
classes of animals. In the warm-blooded animals, in which the nutritive 
changes take place with great rapidity, the irritability, soon disappears, a 
result due to disintegrative changes in the nerve, caused by the withdrawal 
of the blood supply. In cold-blooded animals, on the contrary, in which 
the nutritive changes take place relatively slowly, the irritability lasts, under 
favorable conditions, for a considerable time. Other tissues besides nerves 
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possess irritability, that is, of responding to the action of stimuli ;f.g., glands 
and muscles, which respond by the production of a secretion or a contraction. 

Independence of Tissue Irritability. — The irritability of nerves is 
distinct and independent of the irritability of muscles and glands, as can 
be shown by the introduction of various chemic agencies into the circu- 
lation. Curar^ for example, induces a state of complete paralysis, which 
is due not to an abolition of the irritability of either the nerve trunks or 
muscles, but to a modification of the end organs of the nerves just where 
they come into contact with the muscles. Atropine induces complete sus. 
pension of glandular activity by impairing the terminal organs of the 
secretory nerves just where they are in relation to the gland cells, without 
destroying the irritability of either gland or nerve. 

Stimuli of Nerves. — Nerves do not possess the power of spontaneously 
generating and propagating nerve impulses ; they can only be aroused to 
activity by the action of an extraneural stimulus. In the living condition, 
the stimuli capable of throwing the nerve into an active condition act for 
the most part on either the central or peripheral end of the nerve. In the 
case of motor nerves the stimulus to the excitation, originating in some 
molecular disturbance in the nerve cells, acts upon the nerve fibers in con- 
nection with them. In the case of sensory or afferent nerves the stimuli act 
upon the peculiar end organs with which the sensory nerves are in connec- 
tion, which in turn excite the nerve fibers. Experimentally, it can be 
demonstrated that nerves can be excited by a sufHciently powerful stimulus 
applied in any part of their extent. 

Nerves respond to stimulation according to their habitual function; thus, 
stimulation of a sensory nerve, if sufficiently strong, results in the sensation 
of pain ; of the optic nerve, in the sensation of light ; of a motor nerve, in 
contraction of the muscle to which it is distributed ; of a secretory nerve, 
in the activity of the related gland, etc. It is, therefore, evident that pecu- 
liarity of nervous function depends neither upon any special construction or 
activity of the nerve itself, nor upon the nature of the stimulus, but entirely 
upon the peculiarities of its central and peripheral end organs. 

Nerve stimuli may be divided into : — 

1. General stimuiiy comprising those agents which are capable of exciting 
a nerve in any part of its course. 

2. Special stimuii^ cova^rhxng those agents which act upon nerves only 
through the intermediation of the end organs. 

General stimuli : — 
I. Mechanical: as from a blow, pressure, tension, puncture, etc. 
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3. Thermal : hoalteg- a. i 
Mcitabilily, 

3. Chemic : aensoty nerve 
nerves to this fotm of it 

4. Electric: either the 1 

5. The normal physiologic stimulus 

a. Centrirugal or efferent, if proceeding from the c 

periphery. 
6. Centripetal or afFerenl, if in the reverse directiun. 
S/i/dalS/iiiiuii.- — 

1. Light or ethereal vibrations acting upon the end organs of the optic 

2. Soand or atmospheric undulations acting upon the end organs of the 
auditory nerve. 

3. Heat or vibrations o! the air acting upon the end organs in the skin. 

4. Chonic igeocies acting upon the end organs of the olfactory and 
gustatory nerves. 

As to the nature of (he uerve impulse generated by the above stimuli but 
little is kaown. It is supposed to be a mode of motion, molecular or 
vibratory in character, which passes thiough the axis cylinder with a definite 



Rapidity of Transmission of Nerve Force.— The passage of a ner- 
vous impulse, either from the brain to the periphery or in the reverse direc- 
tioti, requires an appreciable period of time. The velocity with which the 
impulse travels in human sensory nerves has been estimated at about 190 
feet per secoud, and for motor nerves at from too to 200 feet per second. 
The rale of movement is, however, somewhat modified by lemperalure, 
cold lessening and heat increa<>ing the rapidity ; it is also modified by elec- 
tric conditions, by the action of drugs, the strength of the stimulus, etc. 
The rate of transmission through the spinal cord is considerably slower 
than in nerves, ibe average velocity for voluntary motor impulses being 
only 33 feet per second, for sensitive impressions 40 feet, and for tactile 
impressions 140 feet per second. 

Electric Currenta in Muscles and Nerves.— If a muscle or nerve 
be divided aud nonpolatizable electrodes be placed upon the natural longi- 
tudinal surface at the equator, and upon the transverse section, electric 
currents are observed with the aid of a delicate galvanometer. The direc- 
tion of the current is always from the positive equatorial surface 10 the 
negative trai;sverse surface. The strength of tlie 




dimiDisbes according as [tie posilive elEctrode is moved toward or from the 
equator. When the electrodes ate placed on the two transverse ends of a 
nerve, an axial current will be observed wbose direction is opposite to that 
of the norroal impulse of the nerve. 

The elictromotive force of the sitotigest nerve current has been estimated 
to be equal to the o.oz6 of a Daoiell battery; the force or the current of 
the frog tnoscle about 0,05 to O.oS of a Danlell. 

Negative Variation of Currents in Muscles and Nerves. — If a 
muscle or nerve be thrown into a condition of tetanus, it will be obserred 
that the currents undergo a diminution or negative variation, a change 
which passes along the nerve in the form of a wave and with a velocity 
equal lo the rate of transmission of the nerve impulse. The wave length 
of a single negnlLVe variation has been estimated to be iS millimeters; the 
period of its duration being from 0.0005 '° o.oooS of a second. 

It is asserted by Iletmaun that perfectly fresh, uninjured muscles and 
nerves are devoid of currents, and that the currents observed are the result 
of a molecular death at the point of section, this point becoming negative 
to the equatorial point. He applies the term "action currents " to the 
currents obtained when a muscle is thrown into a state of activity. 

Electric Properties of Nerves When a galvanic current is made 

to flow along a motor nerve from the center to the periphery, from the 
positive to the negative poles, it is known as the direct, dtscending, or 
etnfri/ugal oaxTCTA. When it is made to How in the reverse direction, it is 
known as the invern, mcending, or leniripetal current. 

The passage of a direct current enfeebles the excitability of a nerve ; the 
passage of the inverse current increases it. The eiciiability of a nerve may 
be exhausted by the repeated applications of electricity ; when thus ei- 
hflUsted it may be restored by repose, or by the passage of the inverse cur- 
rent if the nerve has been eihaiisted by the direct current, or vice versa. 

During the actual passage of a feeble constant current in either direction 
neither pain nor muscolar contraclioti is ordmarily manifested ; if the 
current be very intense, the nerve may be disorganized and its excitability 

Eliclrolonui. — The passage of a direct galvanic current through a por- 
tion of a nerve excites in the parts beyond the electrodes a condition of 
electric tension or eleclrQlonus, during which the exdtabilily of the nerve 
is dtcrtasid near the anode or positive pole, and incriasid near the cathode 
or nqjative pole; the iucresse of excitability in the caltUcirolonic area, 
that nearest the muscle, being manifested by a more marked cootraclioo of 
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le thsn the normal, when ihe oerve is irrhated in this region, 
passage of an inversi gcWanic current excites the same condition of eiec- 
Irotonus; and the diminiilhn of excitability near the anode, Ihe attelic- 
trolonic ana, that is now nearest the muscle, being manifesled bj a less 
marked conttaclion than the norma! nhen the nerve is stimulated in this 
region. Between the electrodes is a nenLral point where the catclectrolmiic 
area emerges Into the aneleclrolonic area. If the current be a strong one, 
I the neutral point approaches the cathode ; if weak, it approaches the 

When a nervous impulse passes along a nerve, the only appreciable effect 
s a change in its electric condition, there being no change in its tempera- 
ture, chemic composition, or physical condition. The natural nerve 
rents, which are always present in a living nerve as a result of its nuir 
activity, in great pari disappear during the passage of an impulse, un 
going a nigalive varlolion. 

Law of Contraction.— ~If a fetblt galvanic current be applied to a 
recent and excitable nerve, contraction \\ produced in the muscles only 
upon the making of the circuit with both the direct and inverse currents. 

If the current be modirati in intensity, the contraction is produced in 
the muscle both upon the making and briaking of the circuit, with both 
the direct and inverse currents. 

If the current be inlinsc, contraction is produced only when the circuit 
is made with the direct current, and only when it is broken with tlie inverse 

The Reaction of Degeneration.— Two different applications of elec- 
tricity are used in elect rophysiology and electrotherapentics — the constant 
or galvanic, and the intermpleii or faradic currents. Injured and paralyzed 
muscles and nerves react liiffcrenlly to these two kinds of stimuli, and the 
facia are of the greatest importance io Ihe diagnosis and ihcrapeutics of the 
precedent iHions. The principal diBerence of behavior relates to the 
reattimt of degeneralitn — a condilioo produced by paralysis of any kind. 
It is cliaracterized by a diminished Oi abolished emitability of the muscles 
to the faradic Current, while there \% at the same time an increased excila- 
bibty to the galvanic current. The synchronous diminished excitability of 
■he nerves is the same for either current. The term partial reaction of 
degeneration is used when there is a normal reaclion of the nerves, but the 
muscles show the degenerative reaction. This condition is a characteristic 
of pTO,<ressive muscular atrophy. 
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ited by dillerent portions of the body are comprised 

under the term reflex action, for the reason that Ihey arc the immediate 

Its of stitDulalions of aHerent nerves at their peripheral lennitiUioiis 

.1 way, may be said lo lake place independently of the brain. 

n effereDt impulse takes 

center, termed a rellex center. The parts involTcd Id any 

follows I—' 

A sentient surface ; skin, mucous membrane, eeose organ, elc. 

An afferent nerve libei. 

A receptive center in connection with the afferent nerve. 
4. A commissural tract. 
J. An emissive center in connection with the efferent nerve. 

6. Ad efferent nerve. 

7. A responsive organ, muscle, gland, blood-vessel, etc. 

A stimulus of sulticienl intensity applied 10 a sentient surface develops in 
a series of nerve impulses which, traveling inward to the 
irted into efferent impulses and reflected outward to either 
muscle, gland, or blood-vessel, or all three simultaneously with the produc- 
tion of muscular contraction, glandular secretion, vascular cpnlraclion or 

The reflex actions take place for the most pari through the spinal cord 
andmedullaoblongata, which, in virtue of their contained centers, coordinate 
the various organs and tissues concerned in the performance of the organic 
functions. The movements of mastication, the secretion of saliva, the 
muscular, glandular, and vascular phenomena of gastric and intestioal diges- 
tioo, tbe respiratory movements, the mechanism of imcturition, etc., are 
IS of reflex activity. (.See function of spinal cord.) 



FOODS AND DIETETICS. 

Daring tbe functional activity of every organ and tissue of the body the 
living material of which it is composed, \he ftoloplmm, undergoes mote or 
less di si nitration. Through a series of descending chemic stages it is 
reduced to a number of simpler compounds which are of no further value 
to the body and which are in consequence eliminated by the various elim- 
inating or excretory organs : the lungs, kidneys, skin, liver. Among these 
compounds the more important are carbon dioxid, urea, aod uric acid. 
Many other compounds, inorganic as well as organic, are also eliminated 
K.by tbe water discharged from the body in which Ihey are held in solmioa.. 
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Coincident wilh this disintegration of the tissues there is an evolution or 
disengagement of energy particularly in the form of heat. 

In order that the tissues may regain their normal composition and thus 
be enabled to continue in the performance of their functions, they must be 
supplied with the same nutritive materials of which their protoplasm orig- 
inally consisted, viz. : water, inorganic salts, proteids, sugar, fat. These 
materials are furnished by the blood during its passage through the capil- 
lary blood-vessels. The blood is a reservoir of nutritive material in a con- 
dition to be absorbed, organized, and transformed into new living tissue. 

Inasmuch as the loss of material from the body daily, which is very 
great, is supplied under other forms by the blood, it is evident that this 
fluid would rapidly diminish in volume were it not restored by the introduc- 
tion of new and corresponding materials. As soon as the blood volume 
falls to a certain extent, the sensations of hunger and thirst arise, which in 
a short time lead to the necessity of taking food. 

In addition to the direct appropriation of food by the tissues it is highly 
probable that an indefinite amount undergoes oxidation and disintegration 
without ever becoming an integral part of the tissues, and thus directly con- 
tributes to the production of heat. 

Inanition or Starvation. — If these nutritive principles be not supplied 
in sufficient quantity, or if they are withheld entirely, a condition of physio- 
logic decay is established, to which the term inanition or starvation is ap- 
plied. The phenomena which characterize this pathologic process are as 
follows, viz. : hunger, intense thirst, gastric and intestinal uneasiness and 
pain, muscular weakness and emaciation, a diminution in the quantity of 
carbon dioxid exhaled, a lessening in the amount of urine and its constitu- 
ents excreted, a diminution in the volume of the blood, an exhalation of a 
fetid odor from the body, vertigo, stupor, delirium, and at times convulsions, 
a fall of bodily temperature, and finally death from exhaustion. 

During starvation the loss of different tissues, before death occurs, aver- 
ages j^ths, or 40 per cent., of their weight. 

Those tissues which lose more than 4.0 per cent, are fat, 93.3; blood, 75 ; 
spleen, 71.4; pancreas, 64.1; liver, 52; heat, 44.8; intestines, 42.4; 
muscle, 42.3. Those which lose less than 40 per cent, are the muscular 
coat of the stomach, 39.7; pharynx and esophagus, 34.2 ; skin, 33.3; 
kidneys, 31.9; respiratory apparatus, 22.2 ; bones, 16.7; eyes, 10 ; nervous 
system, 1.9. 

Theyb/ entirely disappears, with the exception of a small quantity which 
remains in the posterior portion of the orbits and around the kidneys. 
The blood diminishes in volume and loses its nutritive properties. The 
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muscles undergo a marked diminution in volume and becomes soft and 
flabby. The nervous system is last to suffer, not more than two per cent, 
disappearing before death occurs. 

The appearances presented by the body after death from starvation are 
those of anemia and great emaciation ; almost total absence of fat ; blood- 
lessness ; a diminution in the volume of the organs ; an empty condition 
of the stomach and bowels, the coats of which are thin and transparent. 
There is a marked disposition of the body to undergo decomposition, 
giving rise to a very fetid odor. 

The duration of life after a complete deprivation of food varies from 
eight to thirteen days, though life can be maintained much longer if a 
quantity of water be obtained. The water is more essential under these 
circumstances than the solid matters, which can be supplied by the organ- 
ism itself. 

The different alimentary or nutritive principles which are appropriated by 
the tissues and which are contained within the various articles of food, 
belong to both the organic and inorganic groups and chemic compounds, 
and may be classified according to their composition as follows : — 



CLASSIFICATION OF ALIMENTARY PRINCIPLES. 

1. Proteid Group. — Nitrogenized, C. O. H. N. S. P 

Principle. Where Found. 

Myosin^ Flesh of animals. 

Vitellin albumin, Yolk of egg, white of egg. 

Fibrin y globulin, Blood contained in meat. 

Casein, Milk, cheese. 

Gluten, Grain of wheat and other cereals. 

Vegetable albumin, Soft growing vegetables. 

Legumin, Peas, beans, lentils, etc. 

Gelatin, Bones. 

2. Oleaginous Group. — C. O. H. 

Animal fats and oils, \ Found in the adipose tissue of ani- 

Stearin, olein, \ mals, seeds, grains, nuts, fruits, 

Palmitin, fatty acids, J and other vegetable tissues. 

3. Carbohydrate Group. — C. O. H. 
Saccharose, or cane sugar, . . . Sugar cane. 

Dextrose^ ox glucose, 1 F 't 

Levulose, ox fruit sugar, . . . j 

Lactose, or milk sugar, Milk. 

Maltose, Malt, malt foods. 

Starch, Cereals, tuberous -roots, and legu- 
minous plants. 
Glycogen, lANtx,'Qi\3kSc\&'&. 
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4. Inorganic Group. — Water, sodium and potassium chlorids, sodium, 
calcium, magnesium and potassium phosphates, calcium carbonate, and 
iron. 

5. Vegetable Acid Group. — Malic, citric, tartaric, and other acids, found 
principally in fruits. 

6. Accessory Foods. — Tea, coffee, alcohol, cocoa, etc. 

The proteid principles of the food after undergoing digestion and con- 
Yersion into peptones are absorbed and transformed into the form of pro- 
teids characteristic of the blood plasma and the lymph. Of the proteids 
thus brought into relation with the living protoplasm, a small percentage 
only is utilized in the repair of its substance. This is known as tissue 
proteid, A large percentage circulating among and permeating the tissues 
is acted upon by them directly, and reduced to simpler compounds without 
ever becoming a part of the tissue itself. This is known as circulating 
proteid. In the process of tissue metabolism all the proteids suffer disin- 
tegration and give rise to the production of some carbon-holding com- 
pound, probably fat, and some nitrogen-holding compounds which eventu- 
ally produce urea. The intermediate stages are possibly represented by 
glycin, creatin, uric acid, etc. An excess of proteids in the food is fol- 
lowed by their decomposition, by the pancreatic juice, into leucin and 
tyrosin, which by the agency of the liver are converted into urea. The 
disintegration of the proteids is attended by the disengagement of heat : 
they thus contribute to the energy of the body. 

ne oleaginous principles after digestion are absorbed into the blood, 
from which they rapidly disappear. It is probable that a portion of the 
fat epiters directly into the composition of living protoplasm, out of which 
it again emerges at some subsequent stage in the form of small drops 
which make their appearance in the protoplasmic cells of the connective 
areolar tissue, thus giving rise to the adipose tissue. Another portion proba- 
bly undergoes direct oxidation. 

The carbohydrate principles after digestion are absorbed as dextrose 
and temporarily stored up in the liver as glycogen. The intermediate 
stages which sugar passes through and the combinations into which it enters 
between its absorption and its elimination are but imperfectly understood. 
That it contributes to the accumulation of fat is probable, though it is 
doubtful if it is ever converted into fat. A large percentage of the sugar 
absorbed is at once oxidized. The reduction of fat and sugar to carbon 
dioxid and water, under which forms they are eliminated from the body, 
is accompanied by the disengagement of a large quantity of heat. 

Water is present in all the fluids and solids of the body. It promotes 
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the absorption- of new material from the alimentary canal; it holds the 
various ingredients of the blood, lymph, and other fluids in solution ; it 
hastens the absorption of waste products from the tissues, and promotes 
their speedy elimination from the body. 

Sodium chlorid is present in all parts of the body to the extent of I lO 
gm. The average amount eliminated daily is 15 gm. Its necessity as 
an article of diet is at once apparent. Taken as a condiment, it imparts 
sapidity to the food, excites the flow of the digestive fluids, promotes the 
absorption and assimilation of the albumins, influences the passage of nu- 
tritive material through animal membranes, and furnishes the chlorin for the 
free hydrochloric acid of the gastric juice. In some unknown way it 
favorably promotes the activity of the general nutritive process. 

The potassium salts are also essential to the normal activity of the 
nutritive process. When deprived of these salts animals become weak and 
emaciated. When given in small doses they increase the force of the heart 
beat, raise the arterial pressure, and thus increase the action of the circula- 
tion of the blood. 

The calcium phosphate and carbonate are utilized in imparting solidity 
to the tissues, more especially the bones and teeth. Many articles of food 
contain these salts in quantities sufiicient to restore the amount lost daily. 

The vegetable acids increase the secretions of the alimentary canal and 
are apt, in lai^e amounts, to produce flatulence and diarrhea. After enter- 
ing in combination with bases to form salts, they stimulate the action of the 
kidneys and promote a larger elimination of all the urinary constituents. 
In some unknown way they influence nutrition ; when deprived of these 
acids the individual becomes scorbutic. 

The accessory foods ^ coffee and tea, when taken in moderation, overcome 
the sense of fatigue and mental unrest consequent on excessive physical 
and mental exertion. Coffee increases the action of the intestinal glands 
and acts as a laxative. After absorption, its active principle, caffein, 
stimulates the action of the heart, raises the arterial pressure, and excites 
the action of the brain. Tea acts as an astringent, owing to the tannic acid 
it contains. One effect of the tannic acid is to coagulate the digestive fer- 
ments and to interfere with the activity of the digestive process. 

Alcohol^ when introduced into the system in small quantities^ undergoes 
oxidation and contributes to the production of force, and is thus far a food. 
It excites the gastric glands to increased secretion, improves the digestion, 
accelerates the action of the heart, and stimulates the activities of the 
nervous centers. In zymotic diseases, and all cases of depression of the 
vital powers, it is most useful as a restorative agent. When taken iu. 
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excessive quantities it is eliminated by the lungs and kidneys. The meta- 
morphosis of the tissue is retarded, the elimination of urea and carbonic 
acid is lessened, the temperature lowered, the muscular powers impaired, 
and the resistance to depressing external influences diminished. When 
taken through a long period of time, alcohol impairs digestion, produces 
gastric catarrh, disorders the secreting power of the hepatic cells. It also 
diminishes the muscular power and destroys the structure and composition 
of the cells of the brain and spinal cord. The connective tissue of the body 
increases in amount, and subsequently contracting, gives rise to sclerosis. 

A Proper Combination of different alimentary principles is essential 
for healthy nutrition, no one class being capable of maintaining life for any 
definite length of time. 

The albuminous food in excess promotes the arthritic diathesis, manifest- 
ing itself as gout, gravel, etc. 

The oleaginous food in excess gives rise to the bilious diathesis, while a 
deficiency of it promotes the scrofulous. 

The farinaceous food^ when long continued in excess, favors the rheu- 
matic diathesis by the development of lactic acid. 

The Quantities of the different nutritive materials which are required 
daily for the growth and repair of the tissues and for the evolution of heat 
have been variously estimated by different observers. The following table 
shows the average diet scale of Vierordt, and the amount of waste pro- 
ducts to which it would give rise : — 

COMPARISON OF THE INGESTA AND EGESTA. 

Ingesta. Egesta. 

Proteids, .... 120 grams. Urea, 40 grams. 

Fat, 90 " Inorganic salts, . 32 " 

Starch, 330 " Feces, 104 " 

Inorganic salts, . 32 ** Carbon dioxid, . 800 " 

Water, 2800 " Water, 3096 " 



Oxygen, .... 700 



(< 



Total, •. . . 4072 " Total, . . . 4072 



« 



Other estimates as to the amounts of the organic substances required 
daily are as follows : — 

Ranke. V'oit. Moleschott. 

Proteid, . , . loo 1 18 130 grams. 

Fat, .... 100 50 84 " 

Starch, . . . 240 500 404 " 



FOODS AND DIETETICS. 79 

The Energy of the Animal Body. — The food consumed daily not 
only repairs the loss of material from the body, but also furabhes the 
energy to replace that which is expended daily in the shape of heat and 
motion. All the energy of the body can be traced to the chemic changes 
going on in the tissues and more particularly to those changes involved in 
the oxidation of the foods. 

The amount of heat yielded by any given food principle can be deter- 
mined by burning it to carbon dioxid and water, and ascertaining the 
extent to which it will, when so liberated, raise the temperature of a given 
volume of water. This amount of heat may be expressed in gram degrees 
of heat, /. ^., calories or kilogrammeters of work. A calory is the amount 
of heat required to raise the temperature of one gram of water one degree 
Centigrade. A kilogrammeter of work is the amount of heat required to 
raise one kilogram one meter in height. 

The following estimates give, approximately, the number of calories pro- 
duced when the food is reduced within the body to urea, carbon dioxid, 
and water : — 

I gram of proteid yields 4500 calories. 
I « fat " 9000 " 

I " starch " 4000 " 

The total number of calories or gram degrees of heat yielded by any 
given diet scale can be readily determined by multiplying the above factors 
by the quantities of material consumed. The diet scale of Ranke, for ex- 
ample, yields the following amount : — 

100 grams of proteid yield 450,000 calories. 
100 " fat " 900,000 " 

240 " starch " 960,000 " 

Total, 2,310,000 " 

It has also been determined experimentally that one gram of proteid, 
one gram of fat, and one gram of starch, when completely oxidized, will 
yield energy sufficient to do 1850, 3841, and 1657 kilogrammeters of work, 
respectively. 

The total energy of the Ranke diet scale can be easily calculated, e.g, : — 

100 grams of proteid yield 185,000 kilogrammeters. 
too " fat *• 384,100 

240 " starch " 397,680 






Total, 966,780 



(( 
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It will be thus seen that the food consumed daily yields 2,310,000 ^raw 
-degree units of heat, or 2310 kilogram degree units, which can be translated 
into its mechanical equivalent, 966,780 kilogrammeters of work. 

The Amount of Food required in twenty-four hours is estimated from 
the total quantity of carbon and nitrogen excreted from the body in 
twenty-four hours, these two elements representing the waste or destruction 
of the carbonaceous and nitrogenized compounds. It has been determined 
by experimentation that about 4600 grains of carbon and about 300 grains 
of nitrogen are eliminated from the body daily, the ratio being about 15 to 
I . That the body may be kept in its normal condition, a proper propor- 
tion of carbonaceous (bread) to nitrogenized (meat) food should be ob- 
served in the diet. 

The method of determining the proper amounts of both kinds of food is 
as follows : — 

1000 grs. of bread (2 oz.) contain 300 grs. C. and 10 grs. N. 

To obtain the requisite amount of nitrogen from bread, 30,000 grains, 
or about four pounds, containing 900 grains of carbon and 300 of nitrogen, 
would have to be consumed. Under such a diet there would be a large 
excess of carbon, which would be undesirable. On a meat diet the reverse 
obtains : — 

1000 grs. of meat (2 oz.) contain 100 grs. C. and 30 grs. N. 

To obtain the requisite amount of carbon from meat, 45,000 grains, or 
about 6^ pounds, containing 4500 grains of carbon and 1350 grains of 
nitrogen, would have to be consumed. Under such circumstances there 
would arise an excess of nitrogen in the system, which would be equally 
undesirable and injurious. By combining these two articles, however, in 
proper proportion, the requisite amounts of carbon and nitrogen can be 
obtained without any excess of either, e, g. : — 

2 lbs. of bread contain 4630 grs. C. and 154 grs. N. 
^ " meat " 463 " " " 154 " « 

5093 C. 308 N. 

The amount of carbon and nitrogen necessary to compensate for the loss 
to the system daily would be contained in the above amount of food. As 
about 3^ ounces of oil or butter are consumed daily, the quantity of 
bread can be reduced to 19 oz. In the quantities of bread and meat 
above mentioned, there are 4.2 oz. albumin, 9.3 sugar and starch. 



FOODS AND DIETETICS. 



81 



The Alimentary Principles are not introduced into the body as such, 
but are combined in proper proportions to form compound substances,- 
termed foods^ e.g., bread, milk, eggs, meat, etc., the nutritive value of each 
depending upon the extent to which these principles exist. 

The following tables show the average composition of various articles of 
food : — 



COMPOSITION OF ANIMAL FOODS. 



In xoo Parts. 


Bbbp. 


Vkal. 


Mutton. 


Pork. 


Fowl. 


Fish. 


Water, .... 


76.25 


77.82 


75.59 


72.57 


70.80 


79.30 


Proteid, . . . 


20.24 


19.86 


17. II 


19.31 


22.70 


18.30 


Fat, 


1.68 


0.82 


5-47 


5.82 


4.10 


0.70 


Carbohydrates, 


0.50 


0.80 


0.60 


0.60 


1.20 


• 

0.90 


Salts, .... 


1.38 


0.70 


1.23 


1.70 


1.20 


0.80 



COMPOSITION OF VEGETABLE FOODS. 



In 100 Parts. 


Bbans. 


Pbas. 


POTATOBS 


Turnips. 


Cabbagb. 


Asparagus. 


Water, .... 


13-74 


14.99 


75.47 


89.42 


89.97 


93-75 


Proteid, . . . 


23.21 


22.85 


1.95 


1.35 


1.89 


1.79 


Fat, 


2.14 
53.67 


1.79 


0.15 


0.18 
7-36 


0.20 
4.87 


0.25 


Carbohydrates, 


52.36 


20.69 


2.63 


Cellulose, . . 


3.69 


5.43 


0.76 


0.94 


1.84 


1.04 


Salts, .... 


3.55 


2.58 


0.98 


0.75 


1.23 


0.54 
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COMPOSITION OF CEREAL FOODS. 



In loo Parts. 


Wheat. 


Rye. 


Barley. 


Oats. 


Corn. 


Rice. 


Water, .... 


13.56 


12.65 


13.77 


12.37 


13.10 


13.12 


Proteid, . . . 


12.35 


12.55 


II. 14 


10.41 


9.85 


7.88 


Fat, 


1.75 


1.97 


2.16 


5.23 


457 


0.85 


Carbohydrates, 


67.90 


67.95 


64.93 


57.78 


68.42 


76.55 


Cellulose, . . 


2.63 


3.00 * 


5.31 


II. 19 


2.50 
1.56 


0.55 


Salts, .... 


I.81 


1.88 


2.69 


3.02 


1.05 



DIGESTION. 

Digestion is a physical and chemic process, by which the food introduced 
into the alimentary canal is liquefied and its nutritive principles transformed 
by the digestive fluids into new substances capable of being absorbed into 
the blood. 

The Digestive Apparatus consists of the alimentary canal and its 
appendages, viz. : teeth, salivary, gastric, and intestinal glands, liver, and 
pancreas. 

Digestion may be divided into sfven stages : prehension, mastication, 
insalivation, deglutition, gastric and intestinal digestion, and defecation. 

Prehension, the act of conveying food into the mouth, is accomplished 
by the hands, lips, and teeth. 



MASTICATION. 

Mastication is the trituration of the food, and is accomplished by the 
teeth and lower jaw under the influence of muscular contraction. When 
thoroughly divided, the food presents a greater surface for the solvent 
action of the digestive fluids, thus aiding the general process of digestion. 

The Teeth are 32 in number, 16 in each jaw, and divided into 4 in- 
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cisors or cutting teeth, 2 canines, 4 bicuspids, and 6 molars or grinding 
teeth; each tooth consists of a crown covered by enamel, a neck, and a 
root surrounded by the crusta petrosa and imbedded in the alveolar pro- 
cess ; a section through a tooth shows that its substance is made of dentine ^ 
in the center of which is the pulp cavity, containing blood-vessels and nerves. 

The lower jaw is capable of making a downward and an upward, a 
lateral and an anteroposterior movement, dependent upon the construction 
of the temporomaxillary articulation. 

The jaw is depressed by the contraction of the digastric^ geniohyoid^ mylo 
hyoidy and platysma niyoides muscles ; elevated by the temporal^ masseter, 
and internal pterygoid muscles ; moved laterally by the alternate contrac- 
tion of the external pterygoid muscles; moved anteriorly by i\iQ pterygoid y 
and posteriorly by the united actions of the geniohyoid, mylohyoid, and 
posterior fibers of the temporal muscle. 

The food is kept between the teeth by the intrinsic and extrinsic mus- 
cles of the tongue from within, and the orbicularis oris and buccinator 
muscles from without. 

The Movements of Mastication, though originating in an effort of 
the will and under its control, are, for the most part, of an automatic or 
reflex character, taking place through the medulla oblongata and induced 
by the presence of food within the mouth. The nerves and nerve centers 
involved in this mechanism are shown in the following table: — 

NERVOUS CIRCLE OF MASTICATION. 

Afferent or Excitor Nerves. Efferent or Motor Nerves. 

1. Lingual branch of 5th pair. I. 3d branch of 5th pair. 

2. Glossopharyngeal. 2. Hypoglossal. 

3. Facial. 

The impressions made upon the terminal filaments of the sensory nerves 
are transmitted to the medulla ; motor impulses are here generated which 
are transmitted through motor nerves to the muscles involved in the move- 
ments of the lower law. The medulla not only generates motor impulses, 
but coordinates them in such a manner that the movements of mastication 
may be directed toward the accomplishment of a definite purpose. 

INSALIVATION. 

Insalivation is the incorporation of the food with the saliva secreted 
by the parotid, submaxillary, and sublingual glands ; the parotid saliva, 
thin and watery, is poured into the mouth through Steno*s duct ; the sub- 
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maxillary and sublingual salivBE, Ibick and viscid, are poured into llie 
noulh tbrougb Wharton's and Baittioliiii's duels. 

In their minute structure the salivnry glands resemble each other. The;' 
belong to the racemose variety, and consist of small sacs or vesicles, which 
lal expansions of the smallest salivarj ducts. Each vesicle or 
arintis consists of a basement membrane surrounded by blood-veseels and 
lined with epithelial cells. In the parotid gland the lining cells are gran- 
ular and nucleated ; in die submaxillaty and sublingual glands the cells are 
large, clear, and contain a quantity of mucigen. During and after 
tion very remarkable changes take place in the cells lining the acini, which 
■re in some way connected with the essential constituents of the salivary 
fluids. 

In a living serous gland, f.g., parotid, during rest, the secretory cells 
lining the acini of the gland are seen to be tilled with fine grannies, which 
arc often so abundant as to obscure the nucleus and enlarge the cells until 
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I ihelumenof theacinusisalmostobliCeraled. (See Fig. 6.] Whenthegland 
' begins to secrete the saliva, the granules disappear from the outer boundary 
of the cells, which then become dear and distinct. At the end of the 
wcrelory activity the cells have become free of granules, have become 
smaller and more distinct in outline. It would seem that the granular 
matter is formed in the cells during the rest, and discharged into the ducts 
during the activity of the gland. 

In the mucous glands, e. g., submaiiilary and sublingual, the changes 
thai occur in the cells are somewhat different. (See Fig. 7.) During the in- 
tervals of digestion the cells lining the gland arc large, clear, and highly 
refractive, and coolain a large quantity of raucigen. After secraion has 
taken place the cells eiliibil a marked change. The mvicigen cells have 
disappeared, and in their place are cells which are small, dark, and com- 
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Saliva is an opalescent, slighlly viscid, aikaline fluid, having a specific 
gravity of 1.005. Microscopic examination reveals tbe presence of 
salivary corpuscles and epithelial cells. Chemicell]' it is composed of 
water, proleid matter, a ferment {filyalin), and inorganic salts. Tbe 
amount secreted in Iwenty-four hours is about 2 ij lbs. Its function is 
Ivfofold :— 

I. Physical. — Softens and moistens the food, glues it together, and facili- 
tates swallowing. 
, ChetHtc. — Converts slarch into sugar. This action is due to (he 




presence of Ihe or^nic fenneni, ptyalin. Ptyalin is an amorphous nilrog. 

enized substance, which can be precipitated from the saliva by calcium 

> phosphate. lis power of converting starch into sugar is manifested most 

t decidedly at the temperature of the living body and in a slightly alkaline 

Hie conversion of starch into sugar lakes place through 

;s, the nature of which depends upon the structure of Ibe 

' Man;h granule. This consists of two portions, a stroma of cellulose and 

ined material, ^iin»/iii!, which is the more abundant and im- 

of the iwo. When subjected to ibe action of boilin] 

granule swells up and bursts, forming a viscid, opalescent n 

1 of starch paste. If saliva be now added to this paste and k«^«~« 
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temperature of 104° F. for a few minutes, the paste becomes clear and 
limpid. The first stage in the digestion is now complete with the forma- 
« tion of soluble starch. If the action of saliva be continued, a number of 
substances intermediate between starch and sugar are formed, to which 
the name dextrin has been given. Among these may be mentioned : — 

a, Erythrodextririy which gives the reddish brown color with iodin. As 
the digestion continues and sugar is formed the erythrodextrin disap- 
pears, giving way to — 

b. Achroodextritty which yields no coloration with iodin but which may 
be precipitated with alcohol. 

The sugar formed by the action of saliva is maltose y the formula for which 
is CigHjjOji. A small quantity of dextrose is also formed. 

NERVOUS CIRCLE OP INSALIVATION. 
Afferent or Excitor Nerves. Efferent or Secretory Nerves. 

1. Lingual branch of 5th pair. I. Auriculotemporal branch of 5th 

2. Glossopharyngeal. pair, for parotid gland. 

2. Chorda tympani, for submaxil- 
lary and sublingual glands. 

The centers regulating the secretion are two, viz. : The medulla oblon- 
gata and the submaxillary ganglion of the sympathetic, the latter acting 
antagonistically to the former. Impressions excited by the food in the 
mouth reach the medulla oblongata through the afferent nerves ; motor 
impulses are there generated which pass outward through the efferent 
nerves. 

Stimulation of the auriculotemporal branch increases the flow of saliva 
from the parotid gland ; division arrests it. 

Stimulation of the chorda tympani is followed by a dilatation of the blood- 
vessels of the submaxillary gland, increased flow of blood (thus acting as 
a vasodilator nerve) , and an abundant discharge of a thin saliva ; division 
of the nerve arrests the secretion. 

Stimulation of the cervical sympathetic is followed by a contraction of 
the blood-vessels, diminishing the flow of blood (thus acting as a vasocon- 
strictor nerve), and a diminution of the secretion, which now becomes thick 
and viscid; division of the sympathetic does not, however, completely 
dilate the vessels. There is evidence of the existence of a local vaso- 
motor mechanism, which is inhibited by the chorda tympani, exalted by 
the sympathetic. 
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DEGLUTITION. 

Deglutition is the act of transferring food from the mouth into the 
stomach, and may be divided into three stages : — 

1. The passage of the bolus from the mouth into the pharynx. 

2. From the pharynx into the esophagus. 

3. From the esophagus into the stomach. 

In the first siage^ which is entirely voluntary, the mouth is closed and 
respiration momentarily suspended ; the tongue, placed against the roof 
of the mouth, arches upward and backward, and forces the bolus into the 
fauces. 

In the second stage, which is entirely reflex, the palate is made tense and 
directed upward and backward by the le va tores -palati and tensores-palati 
muscles; the bolus is grasped by the superior constrictor muscle of the 
pharynx and rapidly forced into the esophagus. 

The food is prevented from entering \ht posterior nares by the uvula and 
the closure of the posterior half-arches (the palatopharyngeal muscles); 
from entering the larynx by its ascent under the base of the tongue and 
the action of the epiglottis. 

In the third stage, the longitudinal and circular musculaf fibers, con- 
tracting from above downward, strip the bolus into the stomach. (For 
Nervous Mechanism of Deglutition, see Medulla Oblongata.) 



GASTRIC DIGESTION. 

The Stomach. — Immediately beyond the termination of the esophagus 
the alimentary canal expands and forms a receptacle for the temporary re- 
tention of the food. To this dilatation the term stomach has been applied. 
This organ is somewhat pyriform in outline, and occupies the upper part of 
the abdominal cavity. It measures about 13 inches long, 5 deep, and 
3^ wide, and has a capacity of about five pints. It presents two orifices, 
the cardiac or esophageal and the pyloric ; two curvatures, the lesser and 
the greater. 

The left or cardiac end of the stomach is enlarged and forms the fundus; 
the right end is much narrower and forms the pylorus. The stomach 
possesses three coats : — 

1. The serous or reflection of the peritoneum. 

2. The muscular, the fibers of which are arranged in a longitudinal, a cir- 
cular, and an oblique direction. At the pyloric end the circular fibers 
increase in number and form a thick ring or band, which is know^ ^& 
the sphincter of the pylorus. 



3. The mucous, which is somewhat larger llian the muscular coal, and 
consequence is thrown into folds or rugre. The surface of Ibe 
coat is covered by tall, narrow columnar epilheliura. 
Gastric Juice. — During the period of time the food remains in Ihe 
stomach it is subjected to the disintegrating aaion of an acid fluid, the gas- 
tric juice. This fluid, secreted from glands in the mucous membrane, is 
thoroughly incorporated with the food iu consequence of the contractions 
of the muscular coot. The food is gradually liquefied and reduced to a 
form which partly fits it for passage into the small iDtesline, and for absorp- 
tion into the blood. Gastric juice, when obtained in a pure state, is a clear, 
colorless fluid, decidedly acid in reaction, with a specific gravity of 1005. 
It is composed of the following ingredients ;^ 




Hydrochloric acid, . . 
Organic matter (pepsin). 
Inorganic salts, .... 



The watf r forms by far the largest pail of (bis fluid, and serrei the 
purpose of holding the other ingredients in solution, and by its saturating 
power brings them into relation with the cooslilueols of the food. Of the 
inorganic salts the sodium and potassium chlorids are the most abundant 
and impoilanl. 

The kydreihloric acid, which exists in a free state, is present in variable 
amoants. In the above table the amount of purls pet thousand is much 






less than usually stated. According 
extent of from O.i to 0.3 parts per hundred. 
the food enters the stomach, Ihe acid canni 
until after the lapse of thirty or forty minuti 
prevents fermentative changes. 

The /c/«i* which is present in gflstric ji 
matter is a hydrolytic ferment or eniyme. 
tions and obtained in a pure stale, pepsin [ 
colloidil body, and resembles in its reactions the aibuminoic 
ble, when brought into relation with acidulated proteids, 
them into new forms capable of absorption into the blood. 

in. — In addition to pepsin o second ferment exisi 
jnice to which the term rtnnin has been given. It possessi 
coagulating the faninogrn of milk. It exists in Ihc muc 



observers it is present to the 

Though secreted aa soon as 

be delected in the free itate 

It acidulates the food and 



;e associated with the organic 
When freed from its associa- 
eseats the characteristics of a 



in the gastric 
IS membrane. 




rrom which il can be extracted by appropriale means. When renniii ads 
on CBseinogen tbe latter is split into insoluble casein and a soluble albumin. 
Calcium pbosphale is essential to tbe a.ction of this enzyme. 

Gastric GlandB.—Imbedded withiD the mucous membrane are to be 
found enarmous numbers of tubular glands which, though resembling each 
other in general furm, differ in their histologic details in different portions 
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which open into a short, common duct, which opens b; a wide mouth on 
the surface of tbe mucous membrane. Each gland consists primarily of s 
basement membrane lined by epithelial Cells. In the duct the epithelium 
is of the columnar variety, resembling that covering the surface of the 
_ jBucons membrane. The secretory portion of the tubule is lined by a layer 
jf Bhorl, polyhedral, granular and nucleated cells, which, as tbey border the 



lumen of tbE tubule and Lliua occupy ihe cenCral portion of the gland, are 
aed ctn/ral ceUs, At irregular intervals, tielween the centml cells and 
wa.ll of ihe tubule, see found lar|;e ova) reticulated cells, which, on ac- 
count a( their position, are termed /arit/a/ cells. (See Fig. 8.) 

Each parietal cell is in relation with a sjrstem of line cannU, which open 
directly into the lumen of the gland. It is estimated that the fundus con- 
tains about live million glands. In the pyloric end of the stomach, the 
glands aregenerally braiiched at (heir lower cNlremilies, and the common 
duct is long and wide. The duct is lined by columnar epithelium, while 
the secreting part is lined by short, slightly columnar, granular cells. The 
pariftal cells are entirely wanting. The epithelium covering the surface 
of the mucous membrane is tall, narrow, and cylindrical in shape, and 
consists of mucus-secreling goblet cells. The outer half of the cell con- 
tains a substance, muclnogen, which produces mucin. The gastric glands 
in both situations are surrounded by a fine connective tissue, which sup- 
ports blood. vessels, nerves, and lymphatics. 

Changes in the Cells During Secretion. — During the periods of rest 
and secretory activity the cells of the glands undergo changes in structure 
which are supposed to be connected nilh the production of the pepsin and 
hydrochloric acid. During rest, the protoplasm of Ihe central cells becomes 
filled wUh granular matter, which during the time of secretion disappears, 
presumably pa.'ising into the lamen of the tubule, and as a result the 
protoplasm becomes clear and hyaline in appearance. The granular 
malerial is probably the mother substance, /i|;#iinii^f it, which, inactive in 
itself, yields the active ferment, pepsin. The parietal cells during digestion 
increase in size, but do not become granular. It is at this period thai they 
secrete the hydrochloric acid. Afler digestion they rapidly diminish in 
size and return to their former condition. The pyloric glands secrete 
pepsin only. 

Mecbanism of Secretion. — In the intervals of digestion the mucous 
mcmhrane of the stomach is covered with a layer of mucus. As soon as 
Ihe food passes from the esophagus into the stomach, the blood-vessels 
dilate, the circulalion becomes more active, and the membrane assumes a 
bright red appearance. Coincidenily, small drops of gastric jaice begin to 
exude from the glands, which, as they increase in quaolity, run together 
■nd trickle down the sides of the stomach. This pouring out of fluid con- 
tinues during the presence of food in the stomach. 

The secretion of gastric juice is a reflex act, taking place through the 
central nervous system and called forth in response to the stimulus of food 
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in the stomach. Tbal the 
the production of the secie 
auch as fear and anger, will aires! or TiLiate the DOrnial secrEtion. Tbe 
reflex nature of the process can he shown by experimentation npon the 
poeumogpstric nerve. If during digestion, when the peristaltic mOTeoients 
are active and the gastric mucous membrs,ne flushed and covered with gas- 
tric juice, the pneumagaslric nerves are divided oo buth sides, the mucous 
membrane becomes pale, the secretion is arrEsted, and the peristaltic move- 
ments become less marked. Slimuiatinn of the pertpheial end produces 
no constant eflecls; stimulation of the central end, however, is at once 
> followed by dilatation of the vessels, flushing of the mucous membrane, 
and a re>establishment of the secretion. It is evident, therefore, that dur- 
ing digestion afferent impulses are passing up the pneumogastrics to the 
medulla; efferent impulses, in all probability, pass tbrnugh the fibers of the 
sympathetic nervous system to the blood-vessels and glands concerned in 
the elaboration of the gastric juice. Alter all the nervous conneclioDs of 
the stomach are divided, a amall ijuantiiy □( juice continues Iti be secrelcil 
for several days. This has been attributed to the action of a. local nervous 
mechanism and to the direct action of the food upon thepioloplaiim of Lhe 
secreting cells. 

Cbemic Action of tbe Gsstric Juice.— By the combined influence of 
tbe conlraclion of the muscular walls, the action of the gastric juice, and 
the temperature, the food is reduced to a semilirjuid condition and acquires 
a distinct acid odor. This semifluid mass will vary in composition and 
appearance according lo the nature of the food. To this matter the term 
chyme has been given, 

Meut is rapidly disintegrated by the solution of the connective tissue. 
The fiijcrs thus separated are readily broken up into particles by solution 
of tbe SHTCoIemma. Wellcnoked meal is more easily digested ovring to 
the conversion of the connective tissue into gelatin. 

Connective tissues in the raw or imperfectly gelalini^.ed condition are very 
slowly dissolved. Cartilage, tendons, and even bones, will in time be cor- 
roded und liquefied. 

Vegelablei are not easily digested unless thoroughly prepared by sufli- 
cient cooking. The nutritive principles are enclosed by cellulose walls 
which arc not Bfiecled by gastric juice. The influence of heat and moisture 
softens and ruptures the cellulose walls so as to permit the intrudndion of 
and the solution of its nutritive principles. 

The principal action of the gastric juice, however, is lo transform the 
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different proteid principles of the food vcA.o peptones y the intermediate stages 
of which are due to the influence of the acid and pepsin respectively. As 
soon as any one of the albumins is penetrated by the acid it is converted 
into acid-albumin or parapeptone. In a short time this product, under the 
influence of the pepsin, changes into a somewhat different ^ompound 
termed albumose^ of which there are probably several varieties. The final 
stage is that of peptone^ the form under which the proteids finally are ab- 
sorbed. 

The albumin molecule, moreover, is composed of two distinct portions, 
which may be termed, respectively, hemi- and anti-. In the process of 
digestion the molecule divides into these portions, each of which passes 
through practically the same changes, as shown by the fjpl lowing table : — 

Albumin. 



I 

Ilemi-albumin Anti-albumin 

Hemi-albumose Anti-albumose 

Hemipeptone Antipeptone 

The hemipeptone differs from the antipeptone in the fact that it is 
capable of decomposition into leucin and ty rosin by the action of the 
pancreatic juice. 

Peptones. — Peptones are the final products of the digestion of proteid 
bodies, and differ from the bodies from which they are derived by the fol- 
lowing particulars : — 

1. They are diffusible ; t . e.y capable of passing readily through animal mem- 
branes, a condition essential for their absorption. 

2. They are soluble in water and saline solution. 

3. They are noncoagulable by heat, nitric or acetic acids. They can be 
readily precipitated, however, by tannic acid, bile acids, and by mercuric 
chlorid. 

4. They are absorbable and assimilable by the blood, and by it transformed 
into serum-albumin. 

The duration of gastric digestion will depend largely upon the quantity 
ajfefc quality .of the food. The average meal occupies from three to five 
hours. 

Movements of the Stomach. — As soon as digestion commences the 
cardiac and pyloric orifices are closed ; the walls of the stomach contract 
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upon the food, and a peristaltic action begins, which carries the food along 
the greater and lesser curvatures, and thoroughly incorporates it with the 
gastric juice. As soon as any portion of the food is digested it passes 
through the pylorus into the intestine. 

TABLE SHOWING DIGESTIBILITY OF VARIOUS ARTICLES OF FOOD. 

Hours, Minutes. 

Eggs, whipped, I 20 

" soft boiled, 3 

" hard boiled, 3 30 

Oysters, raw, 2 55 

" stewed, 3 30 

Lamb, broiled, 2 30 

Veal, broiled, 4 

Pork, roasted, . 5 15 

Beefeteak, broiled, 3 

Turkey, roasted 2 25 

Chicken, boiled, 4 

" fricasseed, 2 45 

Duck, roasted, 4 

Soup, barley, boiled, I 30 

" bean, ** 3 

" chicken, ** 3 

** mutton, '* 3 30 

Liver, beef, broiled, 2 

Sausage, " 3 20 

Green corn, boiled, 3 45 

Beans, " 2 30 

Potatoes, roasted, 2 30 

" boiled, 3 30 

Cabbage, " 4 30 

Turnips, " 3 30 

Beets, " 3 45 

Parsnips, " 2 30 



INTESTINAL DIGESTION. 

The process of digestion as it takes place in the small intestine is ex- 
ceedingly important and complex, and is brought about by the action of 
the pancreatic juice, the bile, and the intestinal juice. 

The contents of the stomach at the close of gastric digestion consist of 
water, inorganic salts, peptones, undigested albumins and starches, maltose, 
cane-sugar, liquefied fats, cellulose, and the indigestible portions of meats, 
cereals, fruits, etc. This so-called chyme is quite acid in reaction, and upon 
its passage through the now open pylorus into the intestine it excites a reflex 
stimulation and secretion of the intestinal fluids, which are decidedly 
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The Small IntestiDe is about 22 feet in length and about lyi inches 
in diameter. Like the stomach, it possesses three coats, as follows : — 

1. The serous, or peritoneal. 

2. The mustular, the libera of which are auanged for the most part cir- 
cularly. Some of the Rbers are so arranged as to futm longitudinal 

3. MucoHS, which presents a series of Iransveise folds known as the va/- 
vula cortnivtnla. 

Intestinal Glands.^In that portion of the small intestine known as 
the duodenum, are to be found a number of small branched tubalar glands 
(lirunnet's), the acini of which are lined by short cylindrical cells, similar 
to those lining the pyloric glands. From the duodenum to the termina- 
tion of the Intestine the mucous membrane contains itn enormous number of 
tubular glands {LieberkUbn's) formed by an inversion of the basement 
membrane and linetl by epithelial cells. The common secretion of these 
intestinal glands forms the intestinal juice. This is a thin, opalescent, 
slightly yellow fluid, alkaline in reaction, and cootaios water, salts, and 
proteld matter. 

The funclioti of the intestinal juice is but incompletely known. It ap- 
pearn to have the power of converting starch into dextrose ; it is donblful 
if it is capable of digesting either albumins or fats. Its most distinctive 
action is the inversion of cane-sugar, maltose, and lactose into dextrose, and 
thus preparing them for absorption. This change is dependent on the 
presence of a ferment boily known as inverlin. 

The Pancreatic Juice is secreted by the pancreas, a flattened gland 
about sin inches long, running transversely across the posterior wall of the 
abdomen behind the stomach', its duct opens into the duodenum. 

The pancreas is similar in structure to the salivary glands, consisting of 
a system of ducts terminating in acini. The acini are tubular or llask- 
ihaped, and coniist of a basement membrane lined by a layer of cylindrical, 
conical cells, which encroach upon the lumen of the acini. The cells 
exhibit a difleretice in Ibeir structure (Fig. g), and may be said to consist 
of two Mines, viz., an oultr parirlat cone, which is transparent and appar- 
ciilly hiimogen eons, staining rapidly with cnrmin ; an hiHf srtHf, which 
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borders Ihe lumen, and is distinctly graniilBr and slaius but sliylMly wilh 
carrain. These cells uudergo changes similar to those exhibited by the 
a cells of the satiiary glands during and after active secreliau. As soon as 

the secretory activity of tlie pancreas is established, tlic granules disappear, 
and the inner granular layer becomes reduced to a very narrow border, 

During the intervals of secretion, however, the granular layer reappears 

would seem thai the granular matter is formed by the nutritive processes 
occurring in the gland during rest, and is discharged during secretory 
activity into Ihe ducts, and Cakes part m tbe formaUon of the pancreatic 

The pancreatic juice Is [ransparent, colorless, strongly alluilme and viscid, 

I 

Fio. 9.— Ohk Succulk qf tkk PiMCRais of t«k RAanrr in Dipfkheut SiAras 

A. After a pcricd of roi. in which case the outlinei of Ihe celli are indlslinci, and Ihe 
inner tone, i t., Ihe pan of the cells (a) ncit the lumen U). \i broad and Hlled with 
fine gninulu. B. After Ihe gland ha! poured qui He secretion, when tl>e cell Dul- 
llneE (rf) are clearer, the granular lane (,.) i. imallor, and the dear outer lone i> 
wider.-[r«'i Tril-Book qfPhfnolosJ, ^Icr KIthta and L,a.) 

and lias a specific gravity of (.040. It is one of the most important of the 
digestive fluids, as it exerts a transfotmiiig influence upon all classes of ali- 
mentary principles, and has been shown 10 contain at least three distinct 
ferments. It has the following compositioQ : — 

I COMPOSITION OF PANCREATIC JUICE. 

Water 900 7(1 

Albuminoid sulataneea 90.44 

iDorgaiiic salts, 8. 80 
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The pancreatic juice is characterized by its action : — 

1. Upon siarc A. When starch is subjected to the action of the juice it is 
at once transformed into maltose ; the change takes place more rapidly 
than when saliva is added. This action is caused by the presence of a 
special ferment, amylopsin. 

2. Upon albumin. The albuminous bodies are changed by the juice into, 
first, an alkali albumin, then into albumose, and ultimately into true 
peptone. As in the case of gastric digestion, the albumin molecule 
is divided into a hemi and an anti half. The albumin does not swell 
up, as is the case in gastric digestion, but is gradually corroded and 
dissolved. This change is due to the presence of the ferment, trypsin. 
Long-continued action of trypsin converts the hemi peptones into two 
crystalline bodies, leucin and ty rosin. 

3. Uponyb/j. The most striking action of the pancreatic juice is the emul- 
sification of the fats or their subdivision into minute particles of micro- 
scopic size. This change takes place rapidly and depends upon the 
alkalinity of the fluid and the quantity of albumin present, combined 
with the intestinal movements. The neutral fats are also decomposed 
into their corresponding y^/y acids ^.n^ glycerin ; the acids thus set free 
unite with the alkaline bases present in the intestine and form soaps. 
This decomposition of the neutral fats is caused by the ferment, steapsin. 

The Bile has an important influence in the elaboration of the food and 
its preparation for absorption. It is a golden-brown, viscid fluid, having a 
neutral or alkaline reaction and a specific gravity of 1 .020. 

COMPOSITION OF BILE. 

Water 859.2 

Sodium glycocholate, 'J 

Sodium taurocholate, j ^ *^ 

Fat, . 9.2 

Cholesterin, 2.6 

Mucus and coloring matter, 29.8 

Salts, 7.8 

1000.00 

The biliary salts y sodium glycocholate and taurocholate, are characteristic 
ingredients, and are formed in the liver by the process of secretion from 
materials furnished by the blood. It is probable that they are derived from 
the nitrogenized compounds, though the stages in the process are unknown. 
They are reabsorbed from the small intestine to play some ulterior part in 
nutrition. 




97 

Chaltslerin is a ptodncl of wasle taken up by tlie blood from the nervous 

reied by the liver. It cryslallUes in the form of rhombic 

plates, which are quite transpareol. When retained within the blood, it 

symptoms. It is givco oS^ io Ibe feces under the farm of stercorin. 

The coloring malltrs which give the tints lo (he bile are bilivtrdin and 
bilirubin, and are probably derived from ihe coloring matter of the blood. 
Their presence in any Huid can be rect^iiixed by adding to it nitric acid 
containing nitrous acid, when a play af colors is observed, beginning with 
green, biue, violet, red, «nd yellow. 

The Bile is both a secretion and an excretioa-; it is constantly being 
formed and discharged by the hepatic ducts into the gall bladder, in which 
it '\% stored up during the intervals of digestion. As soon as food enters the 
intestines it is poured out abundantly by the contraction of the walls of the 
gal! bladder. 

The amount secreted in twenty-four hours is about 2% pounds. 

Functions of the Bile.— 
I. It agists in the emuliificaiioH of the fats and promotes their absorption. 
a. It tends to prevent putrefactive changes in the food. 
3. It stimulates the secretion of the intestinal glands, and excites the normal 

peristaltic movement of the boweis. 

The digested food, the chyme, is a grayish, pultaceous mass, but as it 
passes through the intestines it becomes yellow from admixture with the 
bile. It is propelled onward by verrnicular motion — by the contraction of 
the circuiar and longitudinal muscular libers. 

During the passage of the digesting food through the Intestinal canal the 
nutritive products, the peptones, the destrosc and levulose, the fatty emul- 
sions, the fatty acids and their soaps, are absorbed into the blood, while the 
undigested residue is carried onward by the peristaltic movements through 
the iliocecal valve into the large intestine. 

Inlestinnl Fermentation.— Owing lo the favorable conditions for 
fermenta live and putrefactive processes — e.g., heat, moisture, oiygen, micro- 
organisms— the food when consumed in excessive quantity, or when acted 
on by defective secretions, undergoes a series of decomposition changes 
which are attended by the production of gases and various chemic com- 
pounds. Crape sugar and maltose are partially split into lactic acid, this 
into butyric acid, carbon dioxid, and hydrogen. Kats are reduced to 
glycerol and fatty acids; the glycerol, according to the organisms present, 
yields succinic and olher fatly acids, carlwn dioxid, and hydrogen. 



The gjioleidii, under the prolonged action o! the pancreatic juice, ate de- 
compoaeil, aocl jiieUI leucin and l]rros!n ; the former is split into valerianic 
acid, ammonia, aod carbon diuxid; the loiter is split into indol, which is 
the aolecedent of indican in the urine. Skalol is another proteid deriva- 
tive cuiutanll]' present in the fecal substitnce. 

The Large Intestine extends from the iliocecal valve to [he anus, 
and measures about live feet in length. It also consists of Ihe three coats ; 
the serous, tlie muscular, and mucous. The mucous membrane contains a 
number of mucous glands, the secretion from which lubricates Llie surface 
of the canal. Tbe ascending portion of Ibe laj^ intestine possesses the 
power of absorption, and hence its conlents become less liquid and more 
consistent. As ibe residue passes toward the sigmoid flexure it acquires 
the char&cterislic of the fecal matter. This consists of the undigested por- 
tions of the food, decomposition products, mucus, and inorganic salts. 

Defecation is the vohintary act of extruding the feces from the rectum, 
and is accomplished by a relaxation of the sphincter ani muscle, ihe conlrac- 
tioii of the muscular walls of the rectum, aided by the contraction of Ibe 
abdominal muscles. 



ABSORPTION. 

The term absorption is applied lo the passage or transference of malcrin! 
into the blood from the tissues, from the serous cavities, and from the 
mucous sarfoces of ihc body. The most important of these surfaces, espe- 
cially in its relation lo the formation of the blood, is the mucous surface of 
Ihc alimenlary canal ; for il is from ihts organ that new materials are de- 
rived which maintain (he quality and qunntity of the blood. Tbe absorp 
lion of materials from the interstices of llie tissues is to be regarded rather 
as a return to the blood of liquid nutritive material which has escaped 
from Ihc blood-vessels for nutritive purposes, and which, if nol returned, 
would lead to an accumulation of such Quid and the development of drop- 
sie»l conditions. 

The anatomic mechanisms involved in the absorptive [jrocess are, pri. 
ntarily, Ihe lymph if acts, the lyiiifA captllariis and blood capiUariei ; sec- 
ondarily, Ihe tymphalis i/esseh and larger blood-vessris. 

Lymph Spaces, Lymph Capillaries, Blood Capillaries, — Every- 
where throiigliuut the body, in the intervals of connective tissue bundles, 
and in the interstices of the several structures of which on oi^an is com- 
|"jsed, are found spaces of irreguinr shape and si^e, determined largely by 
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the nature ol the orgRn in which they are found, which have been termed 
lymph spaces or hicunie, fiom the (dcI that during the living canditiuo they 
are continually receiving the lymph which has escaped from the blood- 
vessels throughout the hody. in aiidition lo the connective tissue lymph 
spaces, various observers have described special lymph spaces in the testicle, 
kidney, livei, thymus gland, and spleen; in all secreting glands between 
the basement membrane and blood-vessels; around blood-vessels (perivas- 
cular spaces}, and around tierves. The sercuj cavilus of the body, peri- 
toneal, pleural, pericardial, etc., may also be regarded as lymph spaces, 
which are in direct communication bji open mouthE or sfarriala with the 
lymphatic capillaries. This method of communication is not only true of 
serous membranes, but to some extent also of mucous membranes. The 
cylindrical sbeatbsand endothelial cells surrounding the brain, spinal cord, 
and nerves can also be looked upon >s lymph spaces in connection with 
lymph capillaries. 

The lymphatic capillaries, in which the lymphatic vessels proper take 
their origin, are arranged in the form of plexuses of quite irregulilr shape. 
In inoBl situations they are intimately interwoven with the blood-vessels, 
from which, however, they can be readily distinguished by their larger 
caliber and irregular expansions. The wall of the lymph capillary is 
formed by a single layer of epithelioid cells, with sinuous outlines, and 
which accurately dovetail with each other. In no instance are valves 
found. In the villus of tlie small intestine the bi^nning of the lacteal is 
lo he regarded as a lymph capillary, generally clubshaped, which at the 
base of the villus enters a true lymphatic ; at ibis point a valve is present, 
which prevents regurgitation. The lymphatic capillaries anastomose freely 
with each other, and communicate on the one hand with the lymph spaces, 
and on the other with the lymphatic vessels proper. 

As the shape, size, etc., of both lyniph spaces a!id capillaries ate deter- 
mined largely by the nature of the tissues in which they are contained, it 
is not always possible to separate the one from the other. Their function, 
however, may be regarded as similar, viz.; the collection of the lymph 
which has escaped from the blood-vessels, and its transmission onward into 
the regular lymphatic vessels. 

The blood capillaries not only permit the escape of [he liqnid nutritive 
portions of the blood through their delicate walSs, but are also engaged in 
the reabsoqition of this transudate as well as in the absorption of new 
materials from the alimentary canai. The extensive capillary network 
which is formed by the ultimate subdivision o[ the arterioles in the sub- 
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ment well adapted for absorption./ It is now well known that in tlie 
absorption of the products of digestion the blood capillaries are more active 
than the lymphatic capillaries. 

Lymphatic Vessels. — The lymphatic vessels constitute a system of 
minute, delicate, transparent vessels, found in nearly all the organs and 
tissues of the body. Having their origin at the periphery in the lymphatic 
capillaries and spaces, they gradually converge toward the trunk of the 
body and empty into the thoracic duct. In their course they pass through 
numerous small ovoid bodies, the lymphatic glands. 

The lymphatic vessels of the small intestine {the lacteals) arise within 
the villous processes which project from the inner surface of the intestine 
throughout its entire extent. The wall of the villus is formed by an eleva- 
tion of the basement membrane, and is covered by a layer of columnar epi- 
thelial cells. The basis of the villus consists of adenoid tissue, fine plexus 
of blood-vessels, unstriped muscular fibers, and the lacteal vessel. The 
adenoid tissue consists of a number of intercommunicating spaces, containing 
leukocytes. The lacteal vessel possesses a thin but distinct wall composed 
of endothelial plates, with here and there openings which bring the interior 
of the villus into communication with the spaces of the adenoid tissue. 

The structure of the larger vessels resembles that of the veins, consisting 
of three coats : — 

1. External^ composed of fibrous tissue and muscular fibers, arranged 
longitudinally. 

2. MiddUy consisting of white fibers and yellow elastic tissue, nonstriated 
muscular fibers, arranged transversely. 

3. Internal^ composed of an elastic membrane, lined by endothelial cells. 
Throughout their course are found numerous semilunar valves^ looking 

toward the larger vessels, formed by a folding of the inner coat and 
strengthened by connective tissue. 

Lymphatic Glands. — The lymphatic glands consist of an external 
capsule composed of fibrous tissue which contains non-striped muscular 
fibers; from its inner surface septa of fibrous tissue pass inward and sub- 
divide the gland substance into a series of compartments which communi- 
cate with each other. The blood-vessels which penetrate the gland are 
surrounded by fine threads, forming a follicular arrangement, the meshes of 
which contain numerous lymph corpuscles. Between the follicular threads 
and the wall of the gland lies a lymph channel traversed by a reticulum of 
adenoid tissue. The lymphatic vessels after penetrating this capsule pour 
their lymph into this channel, through which it passes ; it is then collected 
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by the efferent vessels and transmitted onward. The lymph corpuscles 
which are washed out of the gland into the lymph stream are formed, most 
probably, by division of pre-existing cells. 

The Thoracic Duct is the general trunk of the lymphatic system into 
which the vessels of the lower extremities, of the abdominal organs, of the 
left side of the head, and left arm empty their contents. It is about 20 
inches in length, arises in the abdomen, opposite the third lumbar vertebra, 
by a dilatation, the receptaculum chyli; ascends along the vertebral column 
to the seventh cervical vertebra, and terminates in the venous system at 
the junction of the internal jugular and subclavian veins on the left side. 
The lymphatics of the right side of the head, of the right arm, and the right 
side of the thorax terminate in the right thoracic ducty about one inch in 
length, which joins the venous system at the junction of the internal jugular 
and subclavian on the right side. 

The general arrangement of the lymphatic vessels in shown in Fig. 10. 

The Blood-vessels which are concerned in the conduction of fresh 
nutritive material from the alimentary canal have their origin in the elabo- 
rate capillary network in the mucous membrane. The small veins which 
emerge from the network gradually unite, forming larger and larger trunks, 
which are known as the gastric, superior, and inferior mesenteric veins. 
These finally unite to form the portal vein, a short trunk about three inches 
in length. The portal vein enters the liver at the transverse fissure, after 
which it forms a fine capillary plexus ramifying throughout the substance 
of the liver ; from this plexus the hepatic veins take their origin, which 
finally empty the blood into the vena cava inferior. (See Fig. ii.) 

Absorption of Food. — Physiologic experiments have demonstrated 
that the agents concerned in the absorption of new materials from the ali- 
mentary canal are : — 

1 . The blood-vessels of the entire canal, but more particularly those uniting 
to form the portal vein. 

2. The lymphatics coming from the small intestine, which converge to 
empty into the thoracic duct. 

As a result of the action of the digestive fluids upon the different classes 
of food stuffs, albumins, sugars, starches, and fats, there are formed pep- 
tonesy glucose, and fatty emulsion^ which differ from the former in being 
highly diffusible, a condition essential to their absorption. In order that 
these substances may get into the blood, they must pass through the layer 
of cylindrical epithelial cells and the underlying basement membrane^ and 
into the lymph spaces of the villi and sxjfcmvicow?* \!vsswkfc. 'Wkfc \ftft.OoM»Kww 



by which Ihe cells efiect this passage of the food is but imperfectly under- 
stood. Oamosis Hod filtration are conditions, however, made use of by the 
cells in the absorptive process. 

The pToducts of digtstiiM find their nay into the general circulation by 

I. The ioatir, ptplones, gluciae, and soluble salts, nW^x pasiiing inlo the 
I lymph spaces of the villi, pass Ihrough the wall of Ihe capillary bloo'l- 




^loey) 



Tcil-B«ik •>/ fhyiU 



veEsel; entering the blood, they are carried to the liver by the vessels 
uniting to form the portal vein ; emerging from the liver, they are 
emptied into the inferior vena cava by the hepatic vein. 

2. The enmhijitd fal enters the lymph capillary in the interior of the 
villus; by the contraction of the layer of muscular hbers sarrounding it 

r its contents ate forced onward into Ihe lympliBlic vesEel or hiclenl. 



the llioraclc duct, and finally it 

inlemal jugular and subclavian veins on liie left side. 
I) of Lymph. — Similar lo the absor|)tion of food from Ihe 
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^^^H Absorpti 

^^^^V alimentary canal is the absorption of lymph from the lympb spaces of thi 
^^^^H organs and tissnes. During the passage of the blood through the cap^Ilaty 
^^^^P bluod -vessels, a portion of the liquor sanguinis or plasma or lymph passes 
^^^^ through the capillary wall out into the lymph spaces. The tissue Cells are 

r thus bathed with ibis new materia] ; from il those substances are Selected 

I which are necessary for their growth, repair, and all purpos 

^^^ All excess of nutritive material, far beyond the needs of the tissues, tranSudes 

^^^H from the blood-vessels, and it is this excess which is absorbed by the lym- 

^^^H phatics aad returned to the blood by the thoracic duct. It is quite probable 

^^^^P also that a portion of this transudate is reabsorbed by the blood-vessels, 
^^^^ Properties and Composition of Lymph and Chyle, — Lymph, as 

found in the lymphatic vessels of animals, is a cleat, colorless, or opalescent 
fluid, having an alkaline reaction, a saline taste, and a specific gravity of 
aboal 1,040. It holds in suspetision a number of corpuscles resembling in 
their general appearance the white corpuscles of the blood. Their number 
has been estimated at S200 pet cubic millimeter, though the number Tariei 
in difierent portions of the lymphatic system. As the lymph flows through 
the lymphatic gland it receives a large addition of corpuscles. Lymph 
corpuscles are granular in structure, and measure j^'^j, of an inch in 
diameter. When withdrawn from the vessels, lymph undergoes a spon- 
taneous coagulation, similar to that of the blood, after which it separates in 
serum and clot. 



Water, 96,536 

Frtileids (serum-albumin, 6 brin -globulin), .... 1.320 

Eitracdves (urea, sugar, clioleslerinj, 1-559 

Fatly matters a trace. 

Salts 0,58 5 



Chyle.- — Chyle is the fluid found in the lymphatic vessels, coming from 
the small intestine after the digestion of a meal containing fat. In the 
intervals of digestion, the lluld of these lymphatics is identical in all respects 
with the lympb found in all other regions of the body. As soon as the 
emulsified fat jiasses into the lymphatic vessels and mingles with the 
lymph it becomes milky in color, and the vessels which previously were 
invisible become visible, and resemble white threads running between the 
layers of the mesentery. Chyle has a composition similar to that of lympb. 



J 
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but it contains, in addition, numerous fatty granules, each surrounded by an 
albuminous envelope. When examined microscopically the chyle presents 
a fine molecular basis, made up of the finely divided granules of fat. 

COMPOSITION OF CHYLE. 

Water, 902.37 

Albumin, 35- 16 

Fibrin, 3.70 

Extractives, ^S'^5 

Fatty matters, 36.01 

Salts, 7.11 

1000.00 

Forces Aiding the Movement of Lymph and Chyle. — The lymph 
and chyle are continually moving in a progressive manner firom the peri- 
phery or beginning of the lymphatic system to the final termination of the 
thoracic duct. The force which primarily determines the movement of the 
lymph has its origin in the h^innings of the lymphatic vessels, and depends 
upon the difference in pressure here and the pressure in the thoracic duct. 
The greater the quantity of fluid poured into the lymph spaces the greater 
will be the pressure and consequently the movement. The first movement 
of chyle is the result of a contraction of the muscular fibers within the walls 
of the villus. At the time of contraction, the lymphatic capillary is com- 
pressed and shortened, and its contents forced onward into the true lym- 
phatic. When the muscular fibers relax, regurgitation is prevented by the 
closure of the valve in the lymphatic at the base of the villus. 

As the walls of the lymphatic vessels contain muscular fibers, when they 
become distended these fibers contract and assist materially in the onward 
movement of the fluid. 

The contraction of the general muscular masses in all parts of the body, 
by exerting an intermittent pressure upon the lymphatics, also hastens the 
current onward ; regurgitation is prevented by the closure of valves which 
everywhere line the interior of the vessels. 

The respiratory movements aid the general flow of both lymph and chyle 
from the thoracic duct into the venous blood. During the time of an in- 
spiratory movement the pressure within the thorax, but outside the lungs, 
undergoes a diminution in proportion to the extent of the movement ; as a 
result, the fluid in the thoracic duct outside of the thorax, being under a 
higher pressure, flows more rapidly into the venous system. At the time 
of an expiration, the pressure rises and the flow is temporarily impeded, 
only to begin again at the next inspiration. 
H 
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BLOOD. 

The Blood is a nutritive fluid containing all the elements necessary for 
the repair of the tissues ; it also contains principles of waste absorbed from 
the tissues, which are conveyed to the various excretory organs and by them 
eliminated from the body. 

The total amount of blood in the body is estimated to be about one-eighth 
of the body weight; from i6 to 1 8 pounds in an individual of average 
physical development. The quantity varies during the twenty-four hours, 
the maximum being reached in the afternoon, the minimum in the early 
morning hours. 

Blood is a heterogeneous, opaque, red fluid, having an alkaline reaction, 
a saline taste, and a specific gravity of 1.055. 

The opacity is due to the refraction of the rays of light by the elements 
of which the blood is composed. The color varies in hue, from a bright 
scarlet in the arteries to a deep purple in the veins, due to the presence of 
a coloring matter, hemoglobin ^ in different degrees of oxidation. 

The alkalinity is constant, and depends upon the presence of the alka- 
line sodium phosphate, Na^HPO^. 

The saline taste is due to the amount of sodium chlorid present. 

The specific gravity rzngts within the limits of health from 1.045 ^^ 1. 075. 

The odor of the blood is characteristic, and varies with the animal from 
which it is drawn, due to the presence of caproic acid. 

The temperature of the blood ranges from 98° F. at the surface to 107° 
F. in the hepatic vein ; it loses heat by radiation and evaporation as it 
approaches the extremities and as it passes through the lungs. 

Blood Consists of Two Portions : — 

1. The liquor sanguinis or plasma^ a transparent, colorless fluid, in which 
are floating — 

2. Red and white corpuscles ; these constituting by weight less than one- 
half, 40 per cent., of the entire amount of blood. 

COMPOSITION OF PLASMA. Dalton. 

Water, 902.00 

Albumin, 53-00 

Paraglobulin, 22.00 

Fibrinogen, 3.00 

Fatty matters, 2.50 

Crystallizable nitrogenous matters, 4.00 

Other organic matter, 5.00 

Mineral salts, 8.50 

1000.00 
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Water acts as a solvent for the inorganic matters and holds in suspension 
the corpuscular elements. 

Albumin is the nutritious principle of the blood ; it is absorbed by the 
tissues to repair their waste and is transformed into the organic basis char- 
acteristic of each structure. 

ParcLglobin or fibrinoplasHn is a soft, amorphous substance precipitated 
by sodium chlorid in excess, or by passing a stream of carbonic acid 
through dilute serum. 

Fibrinogen can also be obtained by strongly diluting the serum and 
passing carbonic acid through it for a long time, when it is precipitated as 
a viscous deposit. 

Fatty matter exists in small proportion, except in pathologic conditions 
and after the ingestion of food rich in oleaginous matters ; it soon disap- 
pears, undergoing oxidation, generating heat and force, or is deposited as 
adipose tissue. 

Sugar is represented by glucose, a product of the digestion of saccharin 
matter and starches in the alimentary canal ; glycogenic matter is derived 
from the liver. 

The saline constituents aid the process of osmosis, give alkalinity to the 
blood, promote the absorption of carbonic acid from the tissues into the 
blood, and hold other substances in solution; the most important are 
the sodium and potassium chlorids, the calcium and magnesium phos- 
phates. 

Excrementitious matters are represented by carbonic acid, urea, creatin, 
creatinin, urates, oxalates, etc. ; they are absorbed from the tissues by the 
blood and conveyed to the excretory organs, lungs, kidneys, etc. 

Gases. — Oxygen, nitrogen, and carbonic acid exist in varying proportions. 



BLOOD CORPUSCLES. 

The corpuscular elements of the blood occur under two distinct forms, 
which, from their color, are known as the red and white corpuscles. 

The red corpuscles as they float in a thin layer of the liquid sanguinis 
are of a pale straw color; it is only when aggregated in masses that they 
assume the bright red color. In form they are circular and biconcave ; 
they have an average diameter of the y^Vo^^^ ^^ ^° inch. 

In mammals, birds, reptiles, amphibia, and fish the corpuscles vary in 
size and number, gradually becoming larger and less numerous as the scale 
of animal life is descended, e. g. : — 
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TABLE SHOWING COMPARATIVE DIAMETER OF RED CORPUSCLES. 

Reptiles. 

Turtle, r^ 

Tortoise, j^. 

Lizard, ^^,5 

Viper, yjV« 



Mammals. 


Birds. 


Man, 


siAiro 


Eagle, 


lAi 


Chimpanzee, 


rt^l. 


Owli 


T7^3 


Ourang, 


3^3 


Sparrow, 


«i^ 


Dog, 


TS^ 


Swallow, 


aAs 


Cat, 


z^tyt 


Pigeon, 


rtVs 


Hog, 


l^TS 


Turkey, 


ST^V 


Horse. 


7«W 


Goose, 


T^ 


Ox, 


»iW 


Swan, 


T^B 



Amphibia. 


Fisi 


\. 


Frog, ttH 


Perch, 


9(^0 


Toad, xAn 
Proteus, J rv 


Carp, 
Pike, 




Siren, • , ^j 


Eel, 


tAk 


Amphiuma, ^^ 







In man and the mammals the red corpuscles present neither a nucleus 
nor a cell wall, and are universally of a small size. They can be readily 
distinguished from the corpuscles of birds, reptiles, and fish, in which they 
are larger, oval in shape, and possess a well-defined nucleus. 

The red corpuscles are exceedingly numerous, amounting to about 
5,000,000 in a cubic millimeter of blood. In structure they consist of a 
firm, elastic, colorless framework, the stroma^ in the meshes of which is 
entangled the coloring matter, the hemoglobin, 

CHEMIC COMPOSITION OF RED CORPUSCLES. 

Water, 688.00 

Globulin, 282.22 

Hemoglobin, 16.75 

Fatty matter, 2. 31 

Extractives, 2.60 

Mineral salts, 8.12 

1000.00 

Hemoglobin^ the coloring matter of the corpuscles, is an albuminous com- 
pound, composed of C. O. H. N. S. and iron. It may exist either in an 
amorphous or cr)'stalline form. When deprived of all its oxygen, except 
the quantity entering into its intimate composition, the hemoglobin becomes 
dark in color, somewhat purple in hue, and is known as reduced hemoglo- 
bin. When exposed to the action of oxygen it, again absorbs a definite 
amount and becomes scarlet in color, and is known as oxy -hemoglobin. 
The amount of oxygen absorbed is 1.76 c.c. (^ cubic inch) for one milli- 
gram {^^ grain) of hemoglobin. 

It is this substance which gives the color to the venous and arterial 
blood. As the venous blood passes through the capillaries of the lungs, 
the reduced hemoglobin absorbs the oxygen from the pulmonary air and 
becomes oxy- hemoglobin ^ scarlet in color, and the blood becomes arterial. 
When the arterial blood passes into the systemic capillaries, the oxygen is 
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absorbed by the tissues, the hemc^lobin becomes reduced, purple in color, 
and the blood becomes venous. A dilute solution of oxy-hemoglobin gives 
two absorption bands between the lines D and £ of the solar spectrum. 
Reduced hemoglobin gives but one absorption band, occupying the space 
existing between the two bands of the oxy-hemoglobin spectrum. 

The /unction of the red corpuscle is, therefore, to absorb oxygen and 
carry it to the tissues ; the smaller the corpuscles and the greater the num- 
ber, the greater is the quantity of oxygen absorbed ; and, consequently, all 
the vital functions of the body become more active. 

The wAi/g corpuscles are far less numerous than the red, the proportion 
being, on an average, about one white to 350 or 400 red ; they are globular 
in shape, and measure the y^inr^^^ ^^ ^° v^^ in diameter, and consist of 
a soft, granular, colorless substance, containing several nuclei. 

The white corpuscles possess the power of spontaneous movement, alter- 
nately contracting and expanding, throwing out processes of their substance 
and quickly withdrawing them, thus changing their shape from moment to 
moment. These movements resemble those of the ameba, and for this 
reason are termed ameboid. They also possess the capability of moving 
from place to place. In the interior of the vessels they adhere to the inner 
surface, while the red corpuscles move through the center of the stream. 

The white corpuscles are identical with the leukocytes, and are found in 
milk, lymph, chyle, and other fluids. 

Origin of Corpuscles. — The red corpuscles take their origin from the 
mesoblastic cells in the vascular area of the developing embryo. 

In the adult they are produced from colorless nucleated corpuscles re- 
sembling the white corpuscles. The spleen is the organ in which they 
are finally destroyed. 

The white corpuscles originate from the leukocytes of the adenoid tissue, 
and subsequently give rise to the red corpuscles and partly to new tissues 
that result from inflammatory action. 

• 

COAGULATION OF THE BLOOD. 

When blood is withdrawn from the body and allowed to remain at rest, 
it becomes somewhat thick and viscid in from three to five minutes ; this 
viscidity gradually increases until the entire volume of blood assumes a 
jelly-like consistence, which occupies from five to fifteen minutes. 

As soon as coagulation is completed, a second process begins, which 
consists in the contraction of the coagulum and the oozing of a clear, 
straw-colored liquid, the serunty which gradually increases in quantity as 
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the clot diminishes in size, by contraction, until the separation is completed, 
which occupies from twelve to twenty- four hours. 
The changes in the blood are as follows : — 



Before coagulation. 



Living blood. 



.Liq. Sanguinus 

or 
Plasma. 



!• Consisting of 



Corpuscles. Red and white. 



After coagulation. 



Dead blood. 



Crassamentum. 



t^rassamentum. ] p . . 

Clot or coagulum. j ^ 

Serum. Containing 



{ 
{ 



Water. 
Albumin. 
Fibrinogen. 
Salts. 



Fibrin. 

Corpuscles. 

Water. 

Albumin. 

Salts. 



The serum, therefore, differs from the liquor sanguinis in not containiqg 
fibrin. 

In from twelve to twenty-four hours the upper surface of the clot presents 
a grayish appearance, the buffy coatj which b due to the rapid sinking of 
the red corpuscles beneath the surface, permitting the fibrin to coagulate 
without them, which then assumes a gra3rish -yellow tint. Inasmuch as the 
white corpuscles possess a lighter specific gravity than the red, they do not 
sink so rapidly, and becoming entangled in the fibrin, assist in forming the 
huffy coat. Continued contraction gives a r^//^^/ appearance to the surface 
of the clot. 

Inflammatory states of the blood produce a marked increase in the 
buffed and cupped condition, on account of the aggregation of the corpus- 
cles and their tendency to rapid sinking. 

Nature of Coagulation. — Coagulated fibrin does not preexist in the 
blood, but is formed at the moment blood is withdrawn from the vessels. 
According to Denis, a liquid substance, plasmin^ exists in the blood, 
which, when withdrawn from the circulation, decomposes voXa fibrin and 
metalbumin. 

According to Schmidt, fibrin results from the union oi fibrinoplastin 
(paraglobulin) and fibrinogen, brought about by the presence of a third 
substance, the fibrin ferment. 

According to Hammersten and others, the fibrin obtained from the blood 
after coagulation comes from the fibrinogen alone, the conversion being 
brought about by the presence of a ferment substance, paraglobulin in this 
case having nothing to do with the change. This view is supported by the 
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fact that the quantity of fibrin obtained from the blood is never greater than 
the quantity of fibrinogen previously present. The origin of the ferment is 
obscure, but there is reason to believe that it comes from the injured vascu- 
lar coats or from the breaking of the white corpuscles. 

Conditions Influencing Coagulation. — The process is retarded y^y 
cold, retention within living vessels, neutral salts in excess, inflammatory 
conditions of the system, imperfect aeration, exclusion from air, etc. 

It is hastened by a temperature of ioo° F., contact with air, rough sur- 
faces, and rest. 

Blood Coagulates in the body after the arrest of the circulation in the 
course of twelve to twenty-four hours ; local arrest of the circulation, from 
compression or a ligature, will cause coagulation, thus preventing hemor- 
rhages from wounded vessels. 

The Composition of the Blood varies in different portions of the 
body. The arterial differs from the venous^ in being more coagulable, in 
containing more oxygen and less carbonic acid, in having a bright scarlet 
color, from the union of oxygen with hemoglobin; the purple hue of 
venous blood results from the deoxidation of the coloring matter. 

The blood of the portal vein differs in constitution, according to differ- 
ent stages of the digestive process; during digestion it is richer in water, 
albuminous matter, and sugar ; occasionally it contains fat ; corpuscles are 
diminished, and there is an absence of biliary substances. 

The blood of the hepatic vein contains a larger proportion of red and 
white corpuscles ; the sugar is augmented, while albumin, fat, and fibrin 
are diminished. 

Pathologic Conditions of the Blood. — 

1. Plethora — increase in the volume or quantity of blood. 

2. Anemia — deficiency of red globules with increase of water. 

3. Leukocythemia — increase of white and diminution of red corpuscles. 

4. Glycohemia— excess of sugar in the blood. 

5. Uremia — increase in the amount of ureai 

6. Cholesteremia — an excess of cholesterin in the blood. 

7. Thrombosis and embolism — clotting of blood in the vessels and dissemi- 
nation of coagula. 

8. Lipemia — an excess of fat. 

9. Melanemia — ^pigment in the blood. 
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CIRCULATION OF THE BLOOD. 

The Circulatory Apparatus by which the blood is distributed to all 
portions of the body consists of a central organ, the heart, with which is 
connected a system of closed vessels known as arteries, capillaries, and 
veins. Within this system the blood is kept, by the action of the heart, in 
continual movement, distributing nutritious matter to all portions of the 
body and carrying waste matters from the tissues to the various eliminating 
organs. 

The heart is a hollow, muscular organ, pyramidal in shape, measuring 
about 5^ inches in length, about 3^ in breadth, weighing from I o to 12 ozs. 
in the male and from 8 to 10 ozs. in the female. Situated in the thoracic 
cavity, between the lungs, its base is directed upward, backward, and to 
the right ; its apex is directed downward and to the left. 

Pericardium. — The heart is surrounded by a closed fibrous membrane 
called the pericardium. The inner surface of this memfiraneis lined by a 
s erous membrane, which is also reflected over the surface of the heart ; 
Between the two surfaces of the serous membrane is found a small quantity 
of fluid, the pericardial fluid, which lubricates the surfaces and prevents 
friction during the movements of the heart. The interior of the heart is 
also lined by a serous membrane called the endocardium. 

Cavities of the Heart. — The general cavity of the heart is subdivided 
by a longitudinal septum into a right and left half; each of these cavities is 
in turn subdivided by a transverse constriction into two smaller cavities 
which communicate with each other and are known as the auricles and 
ventricles, the orifice between the auricle and ventricle being known as 
the auriculoventricular orifice. The heart, therefore, consists of four 
cavities, a right auricle and ventricle and a left auricle and ventricle. 

Into the right auricle the two terminal trunks of the venous system, the 
superior and inferior vena cava, empty the venous blood which has been 
collected from all parts of the system ; from the right ventricle arises the 
pulmonary artery y which, passing into the lungs, distributes the blood to the 
walls of the air cells of the lungs ; into the left auricle empty four pulmo- 
nary veins, which have collected the blood from the lung capillaries ; from 
the left ventricle springs the aorta, the general trunk of the arterial sys- 
tem, whose branches distribute the blood to the entire system. 

The Valves of the Heart. — The valves of the heart are formed by a 
reduplication of the endocardium strengthened by connective tissue. At 
the auriculoventricular openings on the right and left sides of the heart re- 
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apectivelj are found Ihe tricuspid >nd mitr 
consists o{ three, the mitral of two, cusps < 
the ititerior of the veatricle when it does no 
the segments are united so as to form an 
annular membrane attached to the margin 
of the orifice. To the free edges of the 
valves are attached numerous fine threads, 
Ibe chorda lendinea, which are the ten- 
dons of the small papillary muscles spring- 
ing from the walls of the ventricles. 

Tki Semilunar Valvis.—M the open- 
ings of the pulmonary artery and the aorta 
are found three cup- shaped- or semilunar 
valves, the free edges of which are di- 
rected away from the interior of the heart. 
The anatomic arrangement of the valves 
is such that upon their closure regncgita- 
tion of the blood is prevented. 

Movement of Ihe Blood. — The blood 
within the vascular apparatus is in con- 
tinual movement from the left ^de of the 
heart, through Ihe arterial system, capil- 
laries, and veins, to the right side, and 
from the right side, through the pulmon- 
ary artery, capillaries, and veins, to the 
original point of departure. The cause 
of this movement is the difference of 
pressure which exists between the blood 
within the aorta and (he terminations of 
the vense cavic, and between the blood of 
the pulmonary artery and the palmonary 

The function of the heart is to propel 
the blood through the blood-vessels, which 
it does by raising or maintaining this 
higher pressure in the aorta and pul- 
monary artery. This is accomplished by 
alternate contractions and relaxations of 
its muscular walls. These two movement 
systole and the diastolt. 



tlvalvts. The tricuspid valve 
>r segments, which project into 
: contun blood. At their bases 
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Course of the Blood through the Heart. — The venous blood returned 
to the heart by the superior and inferior venae cavae is emptied during the 
diastole into the right auricle, in the contraction of which it is forced 
through the right auriculoventricular opening into the right ventricle and 
distends it. Upon the contraction of the ventricle the blood is propelled 
through the pulmonary artery into the lungs, where it undergoes aeration 
and is changed in color. 

The arterial blood is now collected by the pulmonary veins and poured 
into the left auricle ; thence it passes into the left ventricle, which becomes 
fully distended. Upon the contraction of the ventricle, the blood is pro- 
pelled into the aorta, and by it distributed to the system at large, to be 
again returned to the heart by the veins. 

Regurgitation from the ventricles into the auricles during the systole is 
prevented by the closure of the tricuspid and mitral valves ; regurgitation 
firom the pulmonary artery and aorta into the ventricles during the diastole 
is prevented by the closure of the semilunar valves. 

While there is but one circulation, physiologists frequently divide the 
circulatory apparatus into : — 

1. The systemic circulation^ which includes the movement of the blood 
from the left side of the heart through the aorta and its branches, through 
the capillaries and veins, to the right side. 

2. Th^t pulmonary circulationy which includes the course of the blood from 
the right side through the pulmonary artery, through the capillaries of 
the lungs and pulmonary veins, to the left side of the heart. 

3. The portal circulation^ which includes the portal vein. This is formed 
by the union of the radicles of the gastric, mesenteric, and splenic veins, 
and carries the blood directly into the liver, where the vein again divides 
into a fine capillary plexus from which the hepatic veins arise which 
eihpty into the ascending vena cava. 

Movements of the Heart. —At each revolution, during the systole, 
the heart hardens and becomes shortened in its long diameter ; its apex is 
raised up, rotated on its axis from left to right, and thrown forward against 
the walls of the chest. The impulse of the heart, observed about two 
inches below the nipple, and one inch to the sternal side, between the fifth 
and sixth ribs, is caused mainly by the apex of the heart striking against the 
chest walls, assisted by the distention of the great vessels about the base of 
the heart. 

Sounds of the Heart. — If the ear be placed over the cardiac region, 
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two distinct sounds are heard during each revolution of the heart, closely 
following each other and which differ in character. 

The sound coinciding with the systole in point of time, the first sounds 
is long and dull, and caused by the closure and vibration of the auriculo- 
ventricular valves, the contraction of the walls of the ventricles, and the 
apex beat ; the second sound, occurring during the diastole, is short and 
sharp, and caused by the closure of the semilunar valves. 

The capacity of the left ventricle when fully distended is estimated at 
from four to seven ounces. 

The Frequency of the Heart's Action varies at different periods of 
life, but in the adult male it beats about 72 times per minute. It is influ- 
enced by age, exercise, posture, digestion, etc. 

Age. — Before birth, the number of pulsations per minute averages . .140 

During the first year it diminishes to 128 

During the third year diminishes to . 95 

From the eighth to the fourteenth year averages 84 

In adult life the average is • 72 

Exercise and digestion increase the frequency of the heart's action. 

Posture influences the number of pulsations per minute ; in the male, 
standing, the average is 81 ; sitting, 71 ; lying, 66 ; — independent, for the 
most part, of muscular effort. 

The Rhythmic Movements of the heart are dependent upon — 

1. An inherent irritability of the muscular fiber, which manifests itself as 
long as the nutrition is maintained. 

2. The continuous flow of blood through its cavities, distending them and 
stimulating the endocardium. 

The Force Exerted by the Left Ventricle at each contraction has 
been estimated at 52 pounds. If a tube be inserted into the aorta the pres- 
sure there will be sufficient to support a column of blood nine feet, or a 
column of mercury six inches, in height, the weight in either case being 
about four pounds. The estimation of the force which the heart is required 
to exert to support this column of blood is arrived at by multiplying the 
pressure in the aorta (four pounds) by the area of the internal surface of the 
left ventricle (about 13 inches), each inch of the ventricle being capable of 
supporting a downward pressure of four pounds. 

Work Done by the Heart. — The work done by the heart is estimated 
by multiplying the amount of blood sent out from the right and left ven- 
tricles at each contraction by the pressure in the pulmonary artery and 



i 



116 HUMAN PHYSIOLOGY. 

aorta respectively; ^.^., when the right ventricle contracts it forces out one- 
quarter pound of blood, and in so doing must overcome a pressure in the 
pulmonary artery sufficient to support a column of blood three feet in 
height ; that is, must exert energy sufficient to raise ^ pound 3 feet, or 
X X 3 o'" ^ pound I foot. When the left ventricle contracts it sends out 
X pound of blood, and in so doing the left ventricle must overcome a 
pressure in the aorta sufficient to support a column of blood 9 feet in 
height ; that is, must exert energy sufficient to raise ^ pound . 9 feet, or 
»^ X 9 or 2^ pounds I foot. Work done is estimated by the amount of 
energy required to raise a definite weight a definite height ; the unit, the 
foot-pound, being that required to raise one pound one foot. 

The heart, therefore, at each systole exerts energy sufficient to raise 3 foot- 
pounds, and as it contracts 72 times per minute, it would raise in that time 
3 X 72 or 216 foot-pounds; and in one hour 216 X 60 or 12,960 foot- 
pounds; and in twenty-four hours 12,960 X 24 or 311,040 foot-pounds, 
or 138.5 foot- tons. 

Influence of the Nervous System upon the Heart. — When the 
heart of a frog is removed from the body it continues to beat for a variable 
length of timej depending upon the nature of the conditions surrounding 
it. The heart of warm-blooded animals continues to beat but for a very 
short time. The cause of the continued pulsations of the frog heart is the 
presence of nervous ganglia in its substance. These ganglia have not been 
shown to exist in the mammalian heart, but there is reason to believe that 
the nervous mechanism is fundamentally the same. 

The ganglia of the heart are three in number, one situated at the opening 
of the inferior vena cava (the ganglion of Remak), a second situated in 
the auriculoventricular septum (the ganglion of Biddle), and a third situ- 
ated in the interauricular septum (the ganglion of Ludwig). The first two 
are motor in function and excite the pulsations of the heart ; the third is 
inhibitory in function and retards the action of the heart. The actions of 
these ganglja, though for the most part automatic, are modified by impres- 
sions coming through nerves from the medulla oblongata. When the in- 
hibitory center is stimulated by muscarin the heart is arrested in diastole ; 
when atropia is applied the heart recommences to beat, because atropia 
paralyzes the inhibitory center. 

The nerves modifying the action of the heart are the pneumogastric 
(vagus) and the accelerator nerves. 

The pneumogastric net-ve^ after emerging from the medulla, receives 
motor fibers from the spinal accessory nerve. It then passes downward, 
giving off branches, some of which terminate in the inhil)itory ganglion. 
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Stimulation of the vagus, by increasing the activity of the inhibitory center, 
arrests the heart in diastole with its cavities full of blood ; but as the stimu- 
lation is only temporary, after a few seconds the heart recommences to 
beat; at Brst the pulsations are weak and feeble, but soon regain their 
original vigor. After the administration of atropia in sufficient doses to de- 
stroy the termination of the pneumogastric, stimulation of its trunk has no 
effect upon the heart. The inhibitory fibers in the vagus are constantly 
in action, for division of the nerve on both sides is always followed by an 
increase in the frequency of the heart's pulsations. 

The accelerator fibers arise in the medulla, pass down the cord, emerge 
in the cervical region, pass to the last cervical and first dorsal ganglia of 
the sympathetic, and thence to the heart. Stimulation of these fibers 
causes an increased frequency of the heart's pulsations, but they are dimin- 
ished in force. 

ARTERIES. 

The Arteries are a series of branching tubes conveying blood to all 
portions of the body. They are composed of three coats : — 

1. External^ formed of areolar and elastic tissue. 

2. Middle^ contains both elastic and muscular fibers, arranged transversely 
to the long axis of the artery. The elastic tissue is more abundant in the 
larger vessels, the muscular in the smaller. 

3. Internal^ composed of a thin homogeneous membrane, covered with a 
layer of elongated endothelial cells. 

The arteries possess both elasticity and contractility. 

The property of elasticity allows the arteries already full to accommo- 
date themselves to the incoming amount of blood, and to convert the 
intermittent acceleration of blood in the large vessels into a steady and 
continuous stream in the capillaries. 

The contractility of the smaller vessels equalizes the current of blood, 
regulates the amount going to each part, and promotes the onward flow 
of blood. 

Blood Pressure. — Under the influence of the ventricular systole, the 
recoil of the elastic walls of the arteries, and the resistance offered by the 
capillaries, the blood is constantly being subjected to a certain amount of 
pressure. If a large artery of an animal be divided, and a glass tube of 
the same caliber be inserted into its oriBce, the blood will rise to a height 
of about nine feet ; or if it be connected with a mercurial manometer, the 
mercury will rise to a height of six inches. This height will be a measure 
of the pressure in the vessel. The absolute quantity of mercury sustained 
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ailery can be arrived at hj multiplying the beiglit of the column by 
ea or a transverse section of that artery. 
The pressure of the blood is greatest in the large arteries, hut gradually 
rcreases toward the capillaries. 

The blood pressure is increased or diminished hy inflnences acting upon 
e heart or upon the peripheral resistance of the capillaries, viz. : — 
If, while the force of the heart remains the same, the number of pulsa- 
ina per minute increases, thus increasing the volume of blood in the 
leries, ibe pressure rises. If the rale remains the same, but the force 
i, the pressure again rises. Causes that increase the peripheral 
by contracting the arterioles, t.ff., vasomotor nerves, cold, etc., 
produce an increase of the pressure. 

On the other hand, influences which diminish either the volume of the 
blood, or the number of pulsations, or the force of the heart, or the peri- 
pheral resistance, Imiitr the pressure. 

The Pulse is the sudden distention of the artery in a transverse and 
longitudinal direction, due to the injection of a volume of blood into the 
arteries at the time of the ventricular systole. As the vessels are already 
full of blood, they must expand in order to accommodate themselves to the 
iQcoming volume of blood. The blood pressure is thus increased, and the 
pressure originaling at the ventricle eicites a fiulse wavt, which passes 
from the heart toward the capillaries at the rate of about twenty-nine feet 
prr second. It is Ibis wave that is appreciated by the finger. 

The Velocity with which the blood flows in the arteries diminishes 
from the heart to the capillaries, owing to an increase in the united sectional 
area of the vessels, and increases in rapidity from the capillaries toward the 
heart. It moves most rapidly in the large vessels, and especially under 
the influence of the ventricular systole. From experiments on animals, 
it has been eslimateit to move in the carotid of man at the rate of sixteen 
inches per second, and in the lar);e veins at the rate of four inches per 

The Caliber oF the Blood-vessels is regulated by the vasomotor 
oerves, whicli have their origin in the gray matter of the medulla oblongata. 
" They issue from the spinal cord through the anterior routs of spinal nerves, 
pasi through the sympathetic ganglia, and ultimately arc distributed to the 
etmls of the blood-vessels. They exert at different times a constricting and 
dilating action upon the vessels, thus keeping up the arterial tonus. 

CKpillariee. — The capillaries constitute a network of vessels of micro- 
|46B}hc nie, which distribute (he hlood to the inuKist recesses of the tissuei. 
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inosculating with the arteries on the one hand and the veins on the other ; 
they branch and communicate in every possible direction. 

The diameter of a capillary vessel varies from the ^^^^ths to the y^^ths 
of an inch ; their walls consist of a delicate homogeneous membrane, the 
y^^hs of an inch in thickness, lined by flattened, elongated, endothelial 
cells, between which, here and there, are observed stomaia. 

It is through the agency of the capillary vessels that the phenomena of 
nutrition and secretion take place, for here the blood flows in an equable 
and continuous current, and is brought into intimate relationship with the 
tissues — two of the essential conditions for proper nutrition. 

The rate of movement in the capillary vessels is estimated at one inch in 
thirty seconds. 

In the capillary current the red corpuscles may be seen hurrying down 
the center of the stream, while the white corpuscles in the still layer adhere 
to the walls of the vessel, and at times can be seen to pass through the 
walls of the vessel by ameboid movements. 

The Passage of the Blood through the capillaries is mainly due to 
the force of the ventricular systole and the elasticity of the arteries ; but it 
is probably also aided by a power resident in the capillaries themselves, the 
result of a vital relation between the blood and the tissues. 

The Veins are the vessels which return the blood to the heart ; they 
have their origin in the venous radicles, and as they approach the heart 
converge to form larger trunks, and terminate Anally in the venae cavae. 

They possess three coats — 

1. External^ made up of areolar tissue. 

2. Middle^ composed of nonstriated muscular fibers, yellow, elastic, and 
fibrous tissue. 

3. Internal^ an endothelial membrane, similar to that of the arteries. 
Veins are distinguished by the possession of valves throughout their 

course, which are arranged in pairs, and formed by a reflection of the in- 
ternal coat, strengthened by fibrous tissues; they always look toward the 
heart, and when closed prevent a return of blood in the veins. Valves are 
most numerous in the veins of the extremities, but' are entirely absent in 
many others. 

The^Onward Flow of Blood in the veins is mainly due to the action 
of the heart, but is assisted by the contraction of the voluntary muscles and 
the force of respiration. 

Muscular contraction^ which is intermittent, aids the flow of blood in the 
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veins by compressing them. As regurgitation is prevented by the closure 
of the valves, the blood is forced onward toward the heart. 

Rhythmic movements of veins have been observed in some of the lower 
animals, aiding the onward current of blood. 

During the movement of inspiration the thorax is enlarged in all its 
diameters, and the pressure on its contents at once diminishes. Under 
these circumstances a suction force is exerted upon the great venous trunks, 
which causes the blood to flow with increased rapidity and volume toward 
the heart. 

Venous Pressure. — As the force of the heart is nearly expended in 
driving the blood through the capillaries, the pressure in the venous system 
is not very marked, not amounting in the jugular vein of a dog to more 
than y^^th that of the carotid artery. 

The time required for a complete circulation of the blood throughout the 
vascular system has been estimated to be from twenty to thirty seconds, 
while for the entire mass of blood to pass through the heart 58 pulsations 
would be required, occup3dng forty-eight seconds. 

The Forces keeping the blood in circulation are — 

1 . Action of the heart. 

2. Elasticity of the arteries. 

3. Capillary force. 

4. Contraction of the voluntary muscles upon the veins. 

5. Respiratory movements. 



RESPIRATION. 

Respiration is the function by which oxygen is absorbed into the 
blood and carbonic acid exhaled. The appropriation of the oxygen and 
the evolution of carbonic acid takes place in the tissues as a part of the 
general nutritive process, the blood and respiratory apparatus constituting 
the media by means of which the interchange of gases is accomplished. 

The Respiratory Apparatus consists of the larynx, trachea, and lungs. 

The Larynx is composed of firm cartilages, .united together by liga- 
ments and muscles ; running anterop>osteriorly across the upper opening 
are four ligamentous bands, the two superior, or false vocal cords, and the 
two inferior, or true vocal cords, formed by folds of the mucous membrane. 
They are attached anteriorly to the thyroid cartilages and posteriorly to the 



atytenoiil cartilages, mii are capable of being separated by the contfaction 
of the posterior crico-arytenoid muscles, so as to admit the passage of air 

The Tiachea is a tube from four to five inches in length, three-quarters 
of an inch in diameter, extending from the cricoid cartilage of the larynx 
to the third dorsal verlebra, where it divides into the right and left bronchi. 
It is composed of a series of cartilaginous rings, which extend about two- 
thirds around its circumference, the posleiior liiird being occupied by fibrous 
tissue and uonstriated muscular Bbers, which are capahle of diminishiug its 
caliber. 

The trachea is covered exterua.ll]' by a lougii, libra- ekstic membrane, 
and internally by mucous membiane, lined by columnar ciliated epithelial 
cells. The cilia are always waving from within outward. When the two 
bronchi enter the lungs they divide and subdiviile into numerous and 
smaller branches, which penetrate the luug in every direction until they 
finally terminate in the fiufmanary /aiiilss. 

As the bronchial tubes become smaller their walls become Ihimier; the 
cartilaginous rings disappear, but are replaced by irregular angular plates 
of cartilage ; when the tube becomes less than the ^th of an inch in diame- 
ter they wholly disappear, and the fibrous and mucous coats blend together, 
forming a delicate elastic membrane, with circular muscular tibers. 

The Lungs occupy the cavity of the thorax, are conical in shape, of a 
pink color and a spongy texture. They are composed of a great number of 
distinct lobules, the putmonary lobules, connected together by interlobular 
connective tissue. These lobules vary in size, are of an oblong shape, and 
are composed of the ultimate rami Real ions of the bronchial tubes, within 
which are contained the air visictts or cells. The walls of the air vesicles, 
exceedingly thin and delicate, are lined internally by a layer of tessellated 
epithelium, externally covered by elastic fibers, which give the lungs their 
elasticity and distensibility. 

The VenouB Blood is distributed to the lungs for aeration by the pul- 
monary artery, the lenninal branches of which form a rich plexus of capil- 
lary vessels surrounding the air cells ; the air and blood are thus brought 
into intimate relationship, being separated only by the delicate walls of the 
air cells and capillaries. 

The thoracic cavity in which the respiratory organs are lodged is of a 
conical shape, having its apex directed upward, its base downward. Its 
frame-work is formed posteriorly by the spinal column, anteriorly by the 
sternum, and laterally by the ribs and costal cartilages. Between and over 
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the ribs lie muscles, Tascia, and skin; above, tlie thorax is Completeljr 
closed by the structures passing into it and by the cervical fascia and skin ; 
below, il is closed bj the diaphragm. It is therefore an airtight cavity. 

The Pleura, — Each lung is surrounded by a closed serous membrane, 
(he pleura, one layer of which, the visceral, is reflected over the lung, the 
other, the pariital, reflected over the wall of the thorax ; between Ihe two 
layers is a small amount of fluid which prevents friclion during the play of 
Ihe lungs in respiration. 

le which is present in the lungs, they are very 
readily distensible, so mucb so, indeed, 
that the pressure of the air inside the 
trachea and lungs is sufficient %o distend 
them until they completely fill all parts 
of the thoracic cavity not occupied by 
the heart and great vessels. The elas- 
tic tissue endows them not only with 
distensibility, but also with the power of 
elastic recoil, by which they are enabled 
to accommodate themselves to all varia- 
tions in the size of Ihe thoracic cavitj. 
When the chest walls recede the air 
within the lungs expands and pressei 
them against the ribs ; when Ihe chert 
walls contract, the air being driven out, 
the elastic tissue recoils and the lungs 
return to their original condition. The 
movements of the lungs are therefore 
entirely passive. 

As the capacity of the chest in a 
ttate of rest is greater than the volume 
of Ihe lungs after they are collapsed, 
it is quite evident that in the living 
condition the lungs are distended and in a slate of elastic tension, which 
i* greater or less in proportion as the thoracic cavity is increased or dimin- 
ished in siie. The elastic tissue, always on the stretch, is endeavoring to 
pull the visceral layer of Ihe pleura away from the parietal layer, but it 
antagonized by the pressnre of the air within the air passages. This con. 
dition of things persists as long as the thoracic cavity remains air light ; but 
if an opening be made in the thoracic wall, Ihe pressure of the external air 
which was previously supported by the practically rigid walls of the thorax 







The wladpipe teadins down Troni the 
large bronchi, which subdivi' 



RESPIRATION. 123 

now presses upon the lung with as much force as the air within the lung. 
The two pressures being neutralized, there is nothing to prevent the elastic 
tissue from recoiling, driving the air out, and collapsing. The elastic ten- 
sion of the lungs can be readily measured in man after death by inserting 
a manometer into the trachea. Upon opening the thorax and allowing the 
tissue to recoil, the air presses upon the mercury and elevates it, the extent 
to which it is raised being the index of the pressure. Hutchinson calcu- 
lated the pressure to be one-half pound to the square inch of the lung 
surface. 

Respiratory Movements. — The movements of respiration are two, and 
consist of an alternate dilatation and contraction of the chest, known as 
inspiration and expiration. 

1. Inspiration is an active process, the result of the expansion of the 
thorax, whereby air is introduced into the lungs. 

2. Expiration is a partially passive process, the result of the recoil of the 
elastic walls of the thorax, and the recoil of the elastic tissue of the lungs, 
whereby the carbonic acid b expelled. 

In Inspiration the chest is enlarged by an increase in all its diameters, 
viz. : — 

1 . The vertical is increased by the contraction and descent of the dia- 
phri^m when it approximates a straight line. 

2. The anteroposterior and transverse diameters are increased by the 
elevation and rotation of the ribs upon their axes. 

In ordinary tranquil inspiration the muscles which elevate the ribs and 
thrust the sternum forward, and so increase the diameters of the chest, are 
the external intercostals^ running from above downward and forward, the 
sternal portion of the internal intercostals, and the levatores costarum. 

In the extraordinary efforts of inspiration certain auxiliary muscles are 
brought into play, viz. : the sternomastoid, pectorales, serratus magnus^ 
which increase the capacity of the thorax to its utmost limit. 

In Expiration the diameters of the chest are all diminished, viz. : — 

1. The vertical, by the ascent of the diaphragm. 

2. The anteroposterior J by a depression of the ribs and sternum. 

In ordinary tranquil expiration the diameters of the thorax are dimin- 
ished by the recoil of the elastic tissue of the lungs and the ribs ; but in 
forcible expiration the muscles which depress the ribs and sternum, and 
thus further diminish the diameter of the chest, are the internal intercostals, 
the infracostals, and the triangularis stemi. 

In the extraordinary efforts of expiration certain auxiliary muscles are 



' brought into pUy, vie. : ihc ohdomiHal and sacrolumhalit muscles, irhidi ' 
sh Lhe CBpacil; of ibe thorax to ila nlmosL limit. 
Expiration is aided by the recoil of the elastic tissue of the lungs and ribs 
and the pressure of the air. 

Movements of the Glottis. — Al each inspiration the rimaglottidis is 
dilated by a separation of the vocal cords, produced by the contraction ol 
the eruo-aryliHoid muscles, so as to freely admit the passage of air into the 
lungs : in expiration they fall passJvely together, but do not iolerfere with 
the exit of air from the chest. 

Nervous Mechanism of Respiration. — The movements of respira- 
tory muscles, though capable of being modi6ed to a certain extent by 
efforts of [he will, are of an aulomatic character, and called forth by nerv- 
ous impulses emanating from ibe medulla oblongata. The respiratoiy 
center, the so called vital point, generates tlie nerve impulses, which, travel- , 
ing outward through the phrenic and intercostal nerves, excite conlraeliona 
of the diaphragm and intercostal muscles respectively. This center is for 
the most port automatic in its action, though it is capable of being modified 
by impulses reflected to il through various sensory nerves. 

This center may be stimulated ; — 
I. Directly, by the condition of the blood. An increase of carbonic acid 
or a diminiitiaii of oxygen in the blood causes an acceleration of Ihe 
respiratory movements ; the reverse of these conditions causes a diminu- 
tion of the respiratory movements. 
Z. Indirectly, by reflex action. The medulla may be excited to action 
through the pneumogastric nerve, by [be presence o( carbonic acid in [he 
lungs irrilBling its terminal filaments i through the flitb nerve, by irrita- 
tion of the terminal branches ; and through the nerves of general sensi* 
bility. In either case this center reflects motor impulses to the respira- 
tory muscles through the fkreuie, iHtercoslals, in/trier laryHgeal, and 

Types of Respiration. — The abdominal typt is most marked in young 
children, irrespective of sex, the respiratory movements being effected by 
the diaphragm and abdominal muscles. 

In the sufiriat costal type, exhibited by [he aduU female, the respiratory 
movements arc more marked in the upper part of the chest, from [he 1st [o 
the 7th ribs, permitting the uterus to ascend in [he abdomen during preg- 
nancy without interfering with respiration. 

In the inferior costal type, manifested by the male, th 
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largely produced by (he muscles of Ihe lower partioDS of the chest, bom the 
7th rib downward, assisted by the diaphragm. 

The respiratory movemenls vary according to age, sleep, and exercise, 
belog most frequent in early life, but areraging 20 per minute in adult life. 
They are diminished by sleep and increased by exercise. There are about 
four pulsations of tbe heart to each resp'iraCory act. 

During inspiration tara soimds are produced ; the one, heard in the 
thorax, in the trachea and larger bronchial tabes, is tubular in character ; 
the other, beard in the Eubstaoce of the lungs, is Titsicular in character. 



The lulal or briathing volumt of air, that which passes in and out of the 
lungs at each inspiration and exptration , is estimated at Iroro zo to 30 cubic 

The complcmmtal air is that amount which can be taken into the lungs 
by a forced inspiration, in addition to the ordinary tidal volume, and 
amounts to about I ID cubic inches. 

The Tuervi air is that which usually remains in the chest after the ordi- 
oaty efforts of expiration, but which can be expelled by forcible expiration. 
The volume of reserve air is about 100 cubic inches. 

The residual air is that portion which remains in the chest and cannot 
be expelled alter the most forcible expiratory elforts, and which amounts, 
according to Dr. Hutchinson, to about 100 cubic inches. 

The Vital Capacity of the chest indicates the amount of air that can 
be forcibly expelled from the lungs after the deepest possible inspiration, 
and is an index of an Individual's power of breathing in disease and pro- 
longed severe exercise. The combined amounts of the tidal, the comple- 
mental, and reserve air, zjo cubic inches, represents tbe vital capacity of an 
individual live feet seven inches tn height. The vital capacity varies chiefly 
with stature. It is increased eight cobic inches for every inch in height 
.ibove this standard, and diminishes eighl cubic inches for each inch below it. 

The Tidal Volume of air is carried only into the trachea and lai^e 
bronchial tubes by tbe inspiratory movemenls. It reaches the deeper 
portions of the lungs in obedience to the law of dilfusion of gases, wliich is 
inversely proportionate to the square root of their densities. 

The eiliary action of the columnar cells lining the bronchial tubes also 
assists in the mterchange of air and carbonic acid. 



The cnlirt volume of air pasaing in and out of the Ihorax in Iwenty-fonr 
hours is subject to g;reat varialion, but can be readily estimated from the 
tidal volume and the number of respirations per minute. Assuming that 
an individual talies into the chest 20 cubic inches at each inspiration, and 
breathes 18 linies per minute, in twenly-fonr hours there would pass in and 
out of the lungs 518,400 cubic inches, or 300 cuhic feet. 

Chemistry of Respiration.^ As the inspired air undergoes a change 
in composition duKng its stay in the lungs wiiich renders it unlit for further 
respiration, it becomes requisite, for the correct understanding of respiration, 
to ascertain the composition of both inspired and expired air. 

Composition of Air. — Chemic analysis hai shown that every loo 

nitn^en, and 0,03 volume of Carbonic acid. Aqueous vapor is also present, 
though the quantity is variable. The higher the temperature the greater 
the amount. 

The Changes in the Air effected hy respiration are^ 
Loss of oxygen, to the extent of five cubic inches per 100 of air, or one in 

Gain of carbonic acid, to the extent of 4,66 cubic inches pet 100 of air, or 

Increase of water vapor and organic molter. 
Elevation of temperature. 
Increase, and al times decrease, of nitrogen. 
Gain of ammonia. 

The Iota! qitanlUy of oxygtn withdrawn from the air and consumed by 
tlie body in twenly-four hours amounts to 15 cubic feet, and can be readily 
estimated from the amount consumed al each respiration. Assuming thai 
one cubic inch of oxygen remains in the lungs al each respiration, in one 
hour there are consumed loSo cubic inches, and in twenty-four hours 
25,920 cubic inches, or 15 cubic feel, weighing iS ounces. To obtain this 
quantity, 300 cubic feet of air are neceasary. 

The quantity of oi^en consumed daily [s auhjcct to considerable varia. 
lions. It is incriaifd hy exercise, digestion, and lowered temperature, and 
decreased by the opposite conditioos. 

T\a quantity ai carbonic orii^ exhaled in twenty- four hours varies greatly. 
Il cau be estimated in the same way. Assuming that an individual exhales 
.93^ cubic inch at each respiralion, in one hour there are eliminated 1008 
cnbic inches, and in twenty-four hours 34,19a cubic inches, or 14 cubic 
feet, containing seven ounces of pure carbon. 
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The exhalation of carbonic acid is increased by muscular exercise, nitrog- 
enous food, tea, coffee, and rice, age, and by muscular development ; 
decreased by a lowering of temperature, repose, gin and brandy, and a dry 
condition of the air. 

As there is always more oxygen consumed than carbonic acid exhaled, 
and as oxygen unites with carbon to form an equal volume of carbonic acid, 
it is evident that a certain quantity of oxygen disappears within the body. 
In all probability it unites with the sulphur hydrogen of the food to form 
water. 

The amount of watery vapor which passes out of the body with the ex- 
pired air is estimated at from one to two pounds. 

The organic matter ^ though slight in amount, gives the odor to the breath. 
In a room with defective ventilation the organic matter accumulates and 
gives rise to headache, nausea, drowsiness, etc. Long-continued breathing 
of such air produces general ill health. It is not so much the presence of 
COj in increased amount as the presence of organic matter which necessi- 
tates thorough ventilation. 

Condition of the Gases in the Blood. 

Oxygen is absorbed from the lungs into the arterial blood by the coloring 
matter, hemoglobin, with which it exists in a state of loose combination, 
and is disengaged during the process of nutrition. 

Carbonic acid, arising in the tissues, is absorbed into the blood in con- 
sequence of its alkalinity, where it exists in a state of simple solution and 
also in a state of feeble combination with the carbonates, soda and potassa, 
forming the bicarbonates. 

Nitrogen is simply held in solution in the plasma. 

Exchange of Gases in the Air Cells. — From the difference in ten- 
sion of the oxygen in the air cells (27.44 mm. of Hg) and of the oxygen 
in the venous blood (22 mm. Hg), and from the difference of the carbonic 
acid tension in the venous blood (41 mm. Hg) and in the air cells (27 mm. 
Hg), it might be concluded that the passage of the gases may be due 
solely to pressure. The absorption of oxygen, however, does not follow 
absolutely the law of pressure ; that chemic processes are involved is 
shown by the union of oxygen with the hemoglobin of the blood corpuscles. 
The exhalation of COj is also partly a chemic process, as it has been 
shown that the quantity excreted is greatly increased when oxygen is simul- 
taneously absorbed. Oxygen not only favors the exhalation of loosely 
combined COj, but favors the expulsion of that which can only be excreted 
by the addition of acids to the blood. 
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Changes in the Blood during Respiration. 

As the blood passes through the lungs it is changed in color ^ from the 
dark purple hue of venous blood to the bright red scarlet of arterial blood. 

The heterogeneous composition of venous blood is exchanged for the 
uniform composition of the arterial. 

It gains oxygen and loses carbonic acid. 

Its coagulability is increased. Temperature is diminished. 

Asphyxia. — If the supply of oxygen to the lungs be diminished and 
the carbonic acid retained in the blood, the normal respiratory movements 
cease, the condition of asphyxia ensues, which soon terminates in death. 

The phenomena of asphyxia are violent spasmodic action of the respi- 
ratory muscles attended by convulsions of the muscles of the extremities, 
engorgement of the venous system, lividity of the skin, abolition of sensi- 
bility and reflex action, and death. 

The cause of death is a paralysis of the heart from over distention by 
blood. The passage of the blood through the capillaries is prevented by 
contraction of the smaller arteries, from irritation of the vasomotor center. 
The heart is enfeebled by a want of oxygen and inhibited in its action by the 
inhibitory centers. 



ANIMAL HEAT. 

The Functional Activity of all the organs and tissues of the body is 
attended by the evolution of heat, which is independent, for the most part, 
of external conditions. Heat is a necessary condition for the due perform- 
ance of all vital actions; although the body constantly loses heat by radia- 
tion and evaporation^ it possesses the capability of renewing it and main- 
taining it at a fixed standard. The normal temperature of the body in the 
adult, as shown by means of a delicate thermometer placed in the axilla, 
ranges from 97.25° F. to 99.5° F., though the mean normal tempera- 
ture is estimated by Wunderlich at 98.6° F. 

The temperature varies in different portions of the body according to 
the degree in which oxidation takes place, being the highest in the muscles 
during exercise, in the brain, blood, liver, etc. 

The Conditions which Produce Variations in the normal tempera- 
ture of the body are age, period of the day, exercise, food and drink, 
climate, season, and disease. 

Age, — At birth the temperature of the infant is about 1° F. above that of 
the adult, but in a few hours falls to 95.5° F., to be followed in the course 
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of twenty-four hours by a rise to the normal or a degree beyond. During 
childhood the temperature approaches that of the adult; in aged persons 
the temperature remains about the same, though they are not as capable of 
resisting the depressing effects of external cold as adults. A diurnal 
variation of the temperature occurs from i.8° F. to 3.7° F. (Jiirgensen); 
the maximum occurring late in the afternoon, from 4 to 9 P.M., the mini- 
mumj early in the morning, from I to 7 A. M. 

Exercise, — The temperature is raised from i° to 2° F. during active 
contractions of the muscular masses, and is probably due to the increased 
activity of chemic changes ; a rise beyond this point being prevented by its 
diffusion to the surface, consequent on a more rapid circulation, radiation, 
more rapid breathing, etc. 

Food and Drink. — The ingestion of a hearty meal increases the tempera- 
ture but slightly ; an absence of food, as in starvation, produces a marked 
decrease. Alcoholic drinks, in large amounts, in persons unaccustomed to 
their use, cause a depression of the temperature amounting to from i^ to 
2^ F. Tea causes a slight elevation. 

External Temperature, — Long-continued exposure to cold , especially if 
the body is at rest, diminishes the temperature from i° to 2° F., while 
exposure to a great heat slightly increases it. 

Disease frequently causes a marked variation in the normal temperature 
of the body, rising as high as 107° F. in typhoid fever, and 105° F. in 
pneumonia ; in cholera it falls as low as 80° F. Death usually occurs 
when the heat remains high and persistent, from 106° to 110° F.; the 
increase of heat in disease is due to excessive production rather than to 
diminished elimination. 

The Source of Heat is to be sought for in the chemic decompositions 
and hydrations taking place during the general process of nutrition, and the 
combustion of the carbonaceous compounds by the oxygen of the inspired 
air ; the amount of its production is in proportion to the activity of the in- 
ternal changes. 

Every contraction of a muscle, every act of secretion, each exhibition of 
nerve force, is accompanied by a change in the chemic composition of the 
tissues and an evolution of heat. The reduction of the disintegrated tissues 
to their simplest form by oxidation, the combination of the oxygen of the 
inspired air with the carbon and hydrogen of the blood and tissues, results 
in the formation of carbonic acid and water and the generation of a large 
amount of heat. 

Certain elements of the food, particularly the nonnitrogenized sub- 
stances, undergo oxidation without taking part in the formation of the tis- 
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sues, being transformed into carbonic acid and water, and thus increase the 
sum of heat in the body. 

Heat-producing Tissues. — All the tissues of the body add to the 
general amount of heat, according to the degree of their activity. But 
special structures, on account of their mass and the large amount of 
blood they receive, are particularly to be regarded as heat producers ; 
e. g. .•— 

1. During mental activity the brain receives nearly one-fifth of the entire 
volume of blood, and the venous blood returning from it is charged with 
waste matters, and its temperature is increased. 

2. The muscular tissue y on account of the many chemic changes occur- 
ring during active contractions, must be regarded as the chief heat-pro- 
ducing tissue. 

3. The secreting glands^ during their functional activity, add largely to the 
amount of heat. 

The entire quantity of heat generated within the body has been demon- 
strated experimentally to be about 2300 calories, a calory or heat unit 
being that amount of heat required to raise the temperature of one kilo, 
of water (2.2 pounds) 1° C. This quantity of heat, if not utilized and re- 
tained within the body, would elevate its temperature in twenty-four hours 
about 60° F. That this volume of heat depends very largely upon the 
oxidation of the food stuffs can be shown experimentally. 

The normal temperature of the body is maintained by a constant expen- 
diture of the heat in several directions : — 

1. In warming the food, drink, and air that are consumed in twenty- four 
hours. For this purpose about 157 heat units are required. 

2. In evaporating water from the skin and lungs; 619 heat units being 
utilized for this purpose. 

3. In radiation and conduction. By these processes the body loses at least 
50 per cent, of its heat, or 1156 heat units. 

4. In the production of work ; the work of the circulatory, respiratory, 
muscular, and nervous apparatus being performed by the transformation 
of 369 heat units into units of work. 

The nervous system influences the production of heat in a part by in- 
creasing the amount of blood going through it by its action upon the vaso- 
motor nerves. Whether there exists a special heat center has not been 
satisfactorily determined, though this is probable. 
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SECRETION. 

The Process of Secretion consists in the separation of materials from 
the blood which are either to be again utilized to fulfil some special pur- 
pose in the economy, or are to be removed from the body as excrementi- 
tious matter ; in the former case they constitute the secretions, in the latter, 
the excretions. 

The materials which enter into the composition of the secretions are de- 
rived from the nutritive principles of the blood, and require special organs, 
e.g., gastric glands, mammary glands, etc., for their proper elaboration. 

The materials which compose the excretions preexist in the blood, and 
are the results of the activities of the nutritive process ; if retained within 
the body they exert a deleterious influence upon the composition of the 
blood. 

Destruction of a secreting gland abolishes the secretion peculiar to it, 
and it cannot be formed by any other gland; but among the excreting 
organs there exists a complementary relation, so that if the function of one 
organ be interfered with, another performs it to a certain extent. 

CLASSIFICATION OF THE SECRETIONS. 
PERMANENT FLUIDS. 

Serous fluids. Vitreous humor of the eye. 

Synovial fluid. Fluid of the labyrinth of the internal 

Aqueous humor of the eye. ear. 

Cerebrospinal fluid. 

TRANSITORY FLUIDS. 

Mucus. Gastric juice. 

Sebaceous matter. Pancre&tic juice. 

Cerumen (external meatus). Secretion from Brunner's glands. 

Meibomian fluid Secretion from Lieberkiihn's glands. 

Milk and colostrum. Secretions from follicles of the large 

Tears. intestine. 

Saliva. Bile (also an excretion). 

EXCRETIONS. 

Perspiration and the secretion of the Urine. 

axillary glands. Bile (also a secretion). 

FLUIDS CONTAINING FORMED ANATOMIC ELEMENTS. 

Seminal fluid, containing spermato- Fluid of the Graafian follicles, 
zoids. 
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The Essential Apparatus for secretion is a delicate, homogeneous, 
structureless membrane^ on one side of which, in close contact, is a capil-. 
lary plexus of blood-vessels j and on the other side a layer of cells whose 
physiologic function yaries in different situations. 

Secreting organs may be divided into membranes and glands. 

Serous membranes dsually exist as closed sacs, the inner surface of which 
is covered by pale, nucleated epithelium, containing a small amount of 
secretion. 

The serous membranes are the pleura^ peritoneum^ pericardium^ synovial 
sacSf etc. 

The serous fluids are of a pale amber color, somewhat viscid, alkaline, 
coagulable by heat, and resemble the serum of the blood ; their amount 
is but small ; the pleural varies from four to seven drams ; the peritoneal 
from one to four ounces ; the pericardial from one to three drains. 

The synovial fluid is colorless, alkaline, and extremely viscid, from the 
presence of synovin. 

The function of serous fluids is to moisten the opposing surfaces, so as 
to prevent friction during the play of the viscera. 

The mucous membranes are soft and velvety in character, and line the 
cavities and passages leading to the exterior of the body; e.g.^ the gastro- 
intestinal^ pulmonary ^ and genito-urinary. They consist of a primary 
basement membrane covered with epithelial cells, which in some situations 
are tessellated, in others, columnar. 

Mucus is a pale, semitransparent, alkaline fluid, containing epithelial 
cells and leukocytes. It is composed, chemically, of water, an albuminous 
principle, mucosin, and mineral salts; the principal varieties are nasal, 
bronchial, vaginal, and urinary. 

Secreting Glands are formed of the same elements as the secreting 
membranes, but instead of presenting flat surfaces, are involuted, forming 
tubules, which may be simple follicles, e.g., mucous, uterine, or intestinal; 
or compound follicles, e. g., gastric glands, mammary glands ; or racemose 
glands, e. g., salivary glands and pancreas. They are comf>osed of a base- 
ment membrane, enveloped by a plexus of blood-vessels, and are lined by 
epithelial and true secreting cells, which in different glands possess the 
capability of elaborating elements characteristic of their secretions. 

In the Production of the Secretion two essentially different processes 
are concerned : — 
I. Chemic. — The formation and elaboration of the characteristic organic 

ingredients of the secreted fluids, e. g,, pepsin, pancreatin, takes place 
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lis of glandulsr activity, as s part of llie general fuoc- 
They are formed by the Cells lining the glands, and 
in their interior with the aid of the microscope ; e. g., 
ells, fat in the cells of the maimnary gland. 
2. ^^iyiiVn/.— Consisting of a transudation of water and mineral salts from 
the blood into the interior oClhe gland. 

During ibe intervals of glandular activity only thai amount of blood 
passes through the gland suf^clent fur proper nutrition ; when the gland 
begins to secrete, under the inSuence of an appropriate stimulus, the blood- 
vessels dilate and the quantity of blood becomes greatly increased beyond 
that flowing through the gland during its repose. 

Under these Conditions a transudation of water snd sail lakes place, 
washing out the characteristic ingredients, which are discharged by the 
gland ducts. The dischargi of the secretions is intermittent ; they are re- 
tained in the glands until they receive the appropriate stimulus, when Ihey 
pass into the larger ducts by the vis a lergo, and are then discharged by the 
contraction of the muscular walls of ibe ducts. 

The activity of glandular secretion is hastened by an increase in the 
hlood pressure and retarded by a diminution. 

The turvous emUrs iu the medulla oblongata influeuce secretion— 
By increasing or diminishing the amount of blood entering a gland. 
By exerting a direct influence opon the secreting Cells themselves, the 
enters being excited by reflex irrilalion, mental emotion, etc. 



MAMMARY GLANDS. 

The Mammary Glands, which secrete the milk, are two more or less 
hemispherical organs, situated io the human female on the anterior surface 
of the chest. Though rudimentary in childhood, they gradually increase 
in size as the young female approaches puberty. 

The gland presents at its convexity a small prominence of skin, the nip 
pie, which is surrounded by a circular area of pigmented skin, the areola. 
The gland proper is covered by a layer of adipose tissue anteriorly and 
attached posteriorly to the pectoral muscles by a meshwork of Gbroas tissne. 

During uten^estalion the mammary glands become larger, firmer, and 
more lobulaled ; the areola darkens and the veins become more prominent. 
At the period of lactation the gland is the seat of active histologic and 
physiologic changes, correlated with the production of milk. At the close 
of lactation the glai^ds diminish in size, undergo involution, and gradually 
return to their original nonsecreting condition. 
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Structure of the Mammary Glands. — Each mammary gland consists 
of an aggregation of some 15 or 20 lobes, each one of which is surrounded 
by a framework of fibrous tissue. The lobe is provided with an excretory 
duct, which, as it approaches the base of the nipple, expands to form a 
sinus or reservoir, beyond which it opens by a narrowed orifice on the sur- 
face of the nipple. On tracing the duct into a lobe it is found to divide 
and subdivide, and finally terminate in lobules or acini. Each acinus con- 
sists of a basement membrane, lined by low polyhedral cells. Externally 
it is surrounded by connective tissue, supporting blood-vessels, lymphatics, 
and nerves. 

MILK. 

Milk is an opaque, bluish-white fluid, almost inodorous, of a sweet taste, 
an alkaline reaction, and a specific gravity of 1.025 ^^ 1.040. When exam- 
ined microscopically it is seen to consist of a clear fluid, th'e milk plasmdy 
holding in suspension an enormous number of small, highly refractive oil 
globules, which measure, on the average, the x^yJiyiyth of an inch in diam- 
eter. Each globule is supposed by some observers to be surrounded by a 
thin, albuminous envelope, which enables it to maintain the discrete form. 
The quantity of milk secreted daily by the human female averages about 
two and a half pints. The milk of all the mammalia consists of all the dif- 
ferent classes of nutritive principles, though in varying proportions. The 
relative proportions in which these constituents exist are shown in the fol- 
lowing table of analyses : — 

COMPOSITION OF MILK. 



In 100 Parts. 


Human. 



88.00 
2.40 


Cow. 
86.87 


Goat. 


Ass. 

91-57 


Shbbp. 


Marb. 


Water, .... 


87.54 


82.27 


88.80 


Caseinogen, . . 


3.00 
0.62 


1.09 
0.70 
1.02 

550 
0.42 


6.10 
I.OO 

5-30 
4.20 


2.19 


Lactalbumin, . . 


0.57 
2.90 


0.77 


0.42 


Fat 


3-50 


4.20 ^ 


2.50 


Lactose, .... 


5.87 


4.00 


4.00 


5.50 


Salts, . . ^ . . 


0.16 


0.17 


0.56 


I.OO 


■ 

0.50 
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Caseinogen is the chief proteid constituent of milk, and is held in solu- 
tion by the presence of calcic phosphate. On the addition of acetic acid 
or of sodic chlorid up to the point of saturation, the caseinogen is precipi- 
tated as such, and may be collected by appropriate chemic methods. When 
taken into the stomach caseinogen is coagulated^ that is, it is separated into 
casein or tyrein and a small quantity of a new soluble proteid. The fer • 
ment which induces this change is known as rennin. The presence of cal- 
cic phosphate is necessary for this coagulation. 

The Fat of milk is more or less solid at ordinary temperatures. It is a 
composition of olein, palmitin, and stearin, with a small quantity of butyrin 
and caproin. When milk is allowed to stand for some time the fat glob- 
ules rise to the surface and form a thick layer known as cream. When 
subjected to the churning process, the fat globules run together and form a 
coherent mass — the butter. 

Lactose is the particular form of sugar characteristic of milk. It be- 
longs to the saccharose group and has the following composition : C^^ ^^' 
Ojj. In the presence of the Bacillus acidi lactici the lactose is decomposed 
into lactic acid and carbon dioxid, the former of which will cause a coag- 
ulation of the caseinogen. 

Mechanism of Secretion. — During the time of lactation the mam- 
mary gland exhibits periods of secretory activity which alternate with peri- 
ods of rest. Coincidently with these periods, certain histologic changes 
take place in the secreting structures of the gland. At the close of a period 
of active secretion each acinus presents the following features : The epi- 
thelial cells are short, cubical, nucleated, and border a relatively wide 
lumen in which is to be found a variable quantity of nondischarged milk. 
After the gland has rested for some time active metabolism again begins. 
The epithelial cells grow and elongate ; the nucleus divides into two or 
three new nuclei, and at the same time the cell becomes constricted ; the 
inner portion is detached and is discharged into the lumen. Coincidently 
with these changes oil globules make their appearance in the cell proto- 
plasm, some of which are discharged separately into the lumen, while others 
remain for a time associated with the detached cell. From these histo- 
logic changes it would appear that the caseinogen and the fat globules are 
metabolic products of the cell protoplasm and not derived directly from the 
blood. That lactose has a similar origin appears certain from the fact that 
it is not found either in the blood or any other tissue of the body, and that 
it is formed independently of carbohydrate food. The water and inorganic 
salts are doubtless secreted by a mechanism similar to that of all other se- 
creting glands. 
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VASCULAR OR DUCTLESS GLANDS. 

The Vascular Glands are regarded as possessing the power of acting 
upon certain elements of the food and aiding the process of sanguiniftca- 
tion; of modifying the composition of the blood as it flows through their 
substance, by some act of secretion. 

The vascular glands are the spleen^ suprarenal capsules, thyroid and 
thymus glands. 

The Spleen is about five inches in length, six ounces in weight, of a 
dark-bluish color, and situated in the left hypochondriac region. It is cov 
ered externally by a reflection of the peritoneum, beneath which is the proper 
fibrous coat, composed of areolar and elastic tissue and nonstriated muscu- 
lar fibers. From the inner surface of the fibrous envelope processes or 
trabeculae are given off, which penetrate the substance of the gland, form- 
ing a network, in the meshes of which is contained the spleen pulp. The 
splenic artery divides into a number of branches, some of which, when 
they become very minute, pass directly into veins, while others terminate 
in true capillaries. 

As the capillary vessels ramify through the substance of the gland, their 
walls frequently disappear and the blood passes from the arteries into the 
veins through lacuna. 

The splenic or Malpighian corpuscles are small bodies, spherical or 
ovoid in shape, the ^^^jth of an inch in diameter, situated upon the sheaths 
of the small arteries. They consist of a delicate membrane containing a 
semifluid substance composed of numerous small cells resembling lymph 
corpuscles. The spleen pulp is a dark-red, semifluid substance, of a soft 
consistence, contained in the meshes of the trabeculse. In it are found 
numerous corpuscles, like those observed in the Malpighian bodies, blood- 
corpuscles in a natural and altered condition, nuclei, and pigment- granules. 

Function of the Spleen. — Probably influences the preparation of the 
albuminous food for nutrition ; during digestion the spleen becomes larger, 
its contents are increased in amount, and after digestion it gradually dipain- 
ishes in size, returning to the normal condition. 

The red corpuscles are here disintegrated, after having fulfilled their 
function in the blood, the splenic venous blood containing relatively a 
small quantity. 

The white corpuscles appear to be increased in number, the blood of the 
splenic vein containing an unusually large proportion. 

The spleen serves also as a reservoir for blood when the portal circula- 
tion becomes obstructed. 
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The nervous system controls the enlargement of the spleen ; division of 
the nerve produces dilatation of the vessels, stimulation contracts them. 

The Suprarenal Capsules are triangular, flattened bodies, situated 
above the kidney. They are invested by a fibrous capsule sending in 
trabeculae, forming the framework. The glandular tissue is composed of 
two portions, a cortical and medullary. The cortical is made up of 
small cylinders lined by cells and containing an opaque mass, nuclei, and 
granular matter. The medullary consists of a fibrous network containing 
in the alveoli nucleated protoplasm. 

The Thyroid Gland consists of a fibrous stroma, containing ovoid 
closed sacs, measuring on the average ^^^th of an inch, formed of a delicate 
membrane lined by cells ; the contents of the sacs consist of yellowish 
albuminous fluid. 

The Thymus Gland is most developed in early life and almost disap- 
pears in the adult. It is divided by processes of fibrous tissue into lobules, 
and these again into follicles which contain lymphoid corpuscles. 

The functions of the vascular organs appear to be the more complete 
elaboration of the blood necessary for proper nutrition ; they are most highly 
developed during infancy and embryonic life, when growth and develop- 
ment are most active. 

EXCRETION. 

The Principal Excrementitious Fluids discharged from the body 
are the urine, perspiration, and bile ; they hold in solution principles of 
waste which are generated during the activity of the nutritive process, and 
are the ultimate forms to which the organic constituents are reduced in the 
body. They also contain inorganic salts. 

The Urinary Apparatus consists of the kidneys, ureters, and bladder. 



KIDNEYS. 

The Kidneys are the organs for the secretion of urine ; they resemble 
a bean in shape, are from four to five inches in length, two in breadth, 
and weigh from four to six ounces. 

They are situated in the lumbar region, one on each side of the vertebral 
column behind the peritoneum, and extend from the nth rib to the crest 
of the ilium ; the anterior surface is convex, the posterior surface concave, 
the latter presenting a deep notch, the hilus. 
J 



The kidnejr is suirounded b; a thin, smooth membruie composed of 
white fibrous and yellow elastic tissue ; tliough it is attached lo (he snijace 




lion through ihe%«ri of 'ihe lubiileiVf tiie*bonI«r lnyet." 4. ¥ai S the remiVi'iniii. 
S.J. Antrial hranchts. •. Traiisrerstly toureing medulU niys,-( 7>wii, ^/lir 



of ibe kidney by minute processes of connective tissue, il c«n be readily 
torn away. The suhsiance of the kidney is dense but friable. 

Upon making a longitudinal section of the kidney il will b« observed 



that tbe hilus exlends into the inlerior of the organ and expands to form 
a cavity kiioWD :is the sinus. This cavity is occnpied by the uppei dilated 
portion of the ureter, the interior of which forms the felvis. The ureter 
subdivides into several portions, which ultimately give origin to a nnmbet 
of smaller lubes termed calyces, which receive the npices of the pyramids. 
The Parenchyma of the Kidney consists of two portions, viz. ; — 

1. An intfrnal at medullary portioti, consisting of a series of pyramids or 
ceaes, some twelve or fifteen in number. They 

present a distinctly striated appearance, a con- 
dition due lo the straight direction of the tubules 
and blood-vessels. 

2. An exlirnal or cortical portion, consisting of 
a delicate matrix containing an immense num 
her of tubules having a markedly convoluted 
appearance. Throughout its structure are found 
nnroerous small ovoid bodies termed MalpightaH 
corpuscle!. 
The Urioiferous Tubules. — The kidney is a 

compound tubular gland composed of microscopic 
tubules, whose function it is to secrete from the 
blood those waste products which collectively cun 
stilute the urine. If the apex of each pyramid be 
examined with a lens, it will present a number of 
small orifices which are the beginnings of the urin- 
iferous tubules. From This point the tubules pass 
outward in a straight but somewhat diverging 

angles a number of branches (Fig. 15). From 
the apex to the base of the pyramids they are 
known as the tubules of Bellini, In the cc 
poJlion of ihe kidney each tubule becomes enl 



wisled, I 
foluted c 







s backward into the medullary portion for some 
distance, forming the descending limb of Henle's loop; It then turns 
Dpon itself, forming the ascending limb of the loop, reenters the cortex, 
again expands, and finally terminates in a spherical enlai^ement known as 
Mailer's or Beioman's capsule. Within this capsule is contained a small 
luft of blood-vessels constituting (he glomerulus, or MatpighiaH torpuscle. 
^HBtniCluTe of the Tubules.— Each (ubule consists of abasement mem- 
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brane lined by epithelial cells throughout its entire extent. The tubule 
and its contained epithelium vary in shape and size in different parts of 
its course. The termination of the convoluted tube consists of a little sac 
or capsule, which is ovoidal in shape and measures about ^J^^th of an inch 
in size. This capsule is lined by a layer of flattened epithelial cells, which 
is also reflected over the surface of the glomerulus. During the periods 
of secretory activity, the blood-vessels of the glomerulus become filled with 
blood, so that the cavity of the sac is almost obliterated ; after secretory 
activity the blood-vessels contract and the sac cavity becomes enlarged. 
In that portion of the tubule lying between the capsule and Henle's loop 
the epithelial cells are cuboidal in shape ; in Henle's loop they are flat- 
tened, while in the remainder of the tubule they are cuboidal and 
columnar. 

Blood- Vessels of the Kidney. — The renal artery is of large size and 
enters the organ at the hilum ; it divides into several large branches, which 
penetrate the substance of the kidney between the pyramids, at the base 
of which they form an anastomosing plexus, which completely surrounds 
them. From this plexus vessels follow the straight tubes toward the apex, 
while others, entering the cortical portion, divide into small twigs, which 
enter the Malpighian body and form a mass of convoluted vessels, the 
glomerulus. After circulating through the Malpighian tuft, the blood is 
gathered together by two or three small veins, which again subdivide and 
form a fine capillary plexus, which envelops the convoluted tubules; from 
this plexus the veins converge to form the emulgent vein, which empties 
into the vena cava. 

The Nerves of the Kidney follow the course of the blood-vessels and 
are derived from the renal plexus. 

The Ureter is a membranous tube, situated behind the peritoneum, 
about the diameter of a goose-quill, i8 inches in length, and extends from 
the pelvis of the kidney to the base of the bladder, which it perforates in 
an oblique direction. It is composed of three coats, fibrous, muscular, and 
mucous. 

The Bladder is a reservoir for the temporary reception of the urine 
prior to its expulsion from the body ; when fully distended it is ovoid in 
shape, and holds about one pint. It is composed of four coats, serous^ 
muscular^ the fibers of which are arranged longitudinally and circularly, 
areolar^ and mucous. The orifice of the bladder is controlled by the 
sphincter vesica^ a muscular band about half an inch in width. 

As soon as the Urine is formed it passes through the tubuli uriniferi 
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into the pelvis, and from thence through the ureters into the bladder, which 
it enters at an irregular rate. Shortly after a meal, after the ingestion of 
large quantities of fluid, and after exercise, the urine flows into the bladder 
quite rapidly, while it is reduced to a few drops during the intervals of di- 
gestion. It is prevented from regurgitating into the ureters on account of 
the oblique direction they take between the mucous and muscular coats. 

Nervous Mechanism of Urination. — When the urine has passed into 
the bladder, it is there retained by the sphincter vesicae muscle, kept in a 
state of tonic contraction by the action of a nerve center in the lumbar 
region of the spinal cord. This center can be inhibited and the sphincter 
relaxed, either reflexly, by impressions coming through sensory nerves from 
the mucous membrane of the bladder, or directly^ by a voluntary impulse 
descending the spinal cord. When the desire to urinate is experienced, 
impressions made upon the vesical sensory nerves are carried to the centers 
governing the sphincter and detrusor urina muscles and to the brain. If 
now the act of urination is to take place, a voluntary impulse originating 
in the brain passes down the spinal cord, and still further inhibits the 
sphincter vesicae center, with the effect of relaxing the muscle, and of 
stimulating the center governing the detrusor muscle, with the effect of 
contracting the muscle and expelling the urine. If the act is to be sup- 
pressed, voluntary impulses inhibit the detrusor ctnitr and possibly stimulate 
the sphincter center. 

The genitospinal center controlling these movements is situated in that 
portion of the spinal cord corresponding to the origin of the 3d, 4th, and 
5 th sacral nerves. 

URINE. 

Normal Urine is of a pale yellow or amber color, perfectly transparent, 
with an aromatic odor, an acid reaction, a specific gravity of 1. 020, and a 
temperature when first discharged of 100° Fahr. 

The color varies considerably in health, from a pale yellow to a brown 
hue due to the presence of the coloring matter, urobilin or urochrome. 

The transparency is diminished by the presence of mucus, the calcium 
and magnesium phosphates, and the mixed urates. 

The reaction of the urine is acid, owing to the presence of acid phosphate 
of sodium. The degree of acidity, however, varies at different periods of 
the day. Urine passed in the morning is strongly acid, while that passed 
during and after digestion, especially if the food is largely vegetable in 
character, is either neutral or alkaline. 

The specific gravity varies from 1. 015 to 1. 025. 



I0.635 



8.135 
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The quantity of urine excreted in twenty-four hours is between 40 and 
50 fluidounces, but ranges above and below this standard. 

The odor is characteristic, and caused by the presence of taurylic and 
phenylic acids, but is influenced by vegetable foods and other substances 
eliminated by the kidne3rs. 

COMPOSITION OF URINE. 

Water, 967. 

Urea, 14.230 

Other nitrogenized crystalline bodies, uric acid, prin- 
cipally in the form of alkaline urates, 
Creatin, creatinin, xanthin, hypoxanthin, 
Hippuric acid, leucin, tyrosin, taurin, cystin, all in 

small amounts, and not constant. 
Mucus and pigment. 

Salts : — 

Inorganic: principally sodium and potassium sul- 
phates, phosphates, and chlorids, with magnesium 
and calcium phosphates, traces of silicates and 
chlorids. 

Organic: lactates, hippurates, acetates, formates, 
which appear only occasionally, 

Sugar, a trace. 

Gases (nitrogen and carbonic acid principally). 

1000.00 

The Average Quantity of the principal constituents excreted in 
twenty-four hours is as follows : — 

Water, 52. fluidozs. 

Urea, 512.4 grains. 

Uric acid, 8.5 «« 

Phosphoric acid, 45.0 *' 

Sulphuric acid, i 31. ii " 

Inorganic salts, 323.25 " 

Lime and magnesia, 6.5 *' 

To Determine the Amount of solid matters in any given amount ot 
urine, multiply the last two figures of the specific gravity by the co-efficient 
of Haeser, 2.33 ; c. g,, in looo grains of urine having a specific gravity 
1.022, there are contained 22 X 2.33 = 51.26 grains of solid matter. 

Organic Constituents of Urine. — Urea is one of the most important 
of the organic constituents of the urine, and is present to the extent of 
from 2.5 to 3.2 per cent. Urea is a colorless, neutral substance, crystalliz- 
ing to four-sided prisms terminated by oblique surfaces. When crystalliza- 
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tioD is caused to take place rapidly, the crystals take the form of long, 
silky needles. Urea is soluble in water and alcohol ; when subjected to 
prolonged boiling it is decomposed, giving rise to carbonate of ammonia. 
In the alkaline fermentation of urine, uiea takes up two molecules of water 
with the production of carbonate of ammonia. 

The average amount of urea excreted daily has been estimaUsd at about 
500 grains. As urea is one of the principal products of the breaking up of 
the albuminous compounds within the body, it is quite evident that the 
quantity produced and eliminated in twenty-four hours will be increased by 
any increase in the amount of albuminous food consumed, by a rapid de- 
struction of albuminous tissues, as is witnessed in various pathologic 
states, inanition, febrile conditions, fevers, etc. A farinaceous or vegetable 
diet will diminish the urea production nearly one-half. 

Muscular exercise when the nutrition of the body is in a state of equi- 
librium does not seem to increase the quantity of urea. 

Seat of Urea Formation. — As to the seat of urea formation, little 
is positively known. It is quite certain that it preexists in the blood and is 
merely excreted by the kidneys. It is not produced in muscles, as even 
after prolonged exercise hardly a trace of urea is to be found in them. 
Experimental and pathologic facts point to the liver as the probable organ 
engaged in urea formation. Acute yellow atrophy of the liver, suppurative 
diseases of the liver, diminish almost entirely the production of urea. 

Uric Acid is also a constant ingredient of the urine and is closely allied 
to urea. It is a nitrogenized substance, carrying out of the body a large 
quantity of nitrogen. The amount eliminated daily varies from five to ten 
grains. Uric acid is a colorless crystal belonging to the rhombic system. 
It is insoluble in water, and if eliminated in excessive amounts it is de- 
posited as a '* brick red '' sediment in the urine. It is doubtful if uric acid 
exists in a free state, being combined for the most part with sodium and 
potassium bases forming urates. It is to be regarded as one of the termi- 
nal products of the disassimilation of albuminous compounds, and is prob- 
ably produced in the liver. 

Hippuric Acid is found very generally in urine, though it is present only 
in small amounts. It is increased by a diet of asparagus, cranberries, plums, 
and by the administration of benzoic and cinnamic acids. It is probably 
formed in the kidney. 

Kreatinin resembles the kreatin derived from muscles. It is a colorless 
crystal, belonging to the rhombic system. Its origin is unknown, though it 
is largely increased in amount by albuminous food. About 15 grains are 
excreted daily. 



144 HUMAN PHYSIOLOGY. 

Xanthin, Sarkin, Oxaluric Acid, and Allantoin are also constituents 
of urine. They are nitrogenized compounds and are also terminal products 
of albuminous compounds. 

Urobilin, the coloring matter of the urine, is a derivative of the bile pig- 
ments. It is particularly abundant in febrile conditions, giving to the urine 
its reddish-yellow color. 

Inorganic Constituents of Urine. — Earthy Phosphate. Phos- 
phoric acid in combination with magnesium and calcium is excreted daily 
to the extent of from 15 to 30 grains. The phosphates are insoluble in 
water, but are held in solution in the urine by its acid ingredients, alkalinity 
of the urine being attended with a copious precipitation of the phosphates. 
Mental work increases the amount of phosphoric acid excreted, a condition 
caused by increased metabolism of the nervous tissue. 

Sulphuric acid in combination with sodium and potassium constitute the 
sulphates, of which about 30 grains are excreted daily. Sulphuric acid 
results largely from the decomposition of albuminous food and from increased 
destruction of animal tissues. 

The Gases of urine are carbonic acid and nitrogen. 

Mechanism of Urinary Secretion. — As the kidney anatomically pre- 
sents an apparatus for filtration (the Malpighian bodies) and an apparatus 
for secretion (the epithelial cells of the urinary tubules), it might be inferred 
that the elimination of the constituents of the urine is accomplished by the 
twofold process oi filtration and secretion ; that the water and highly 
diffusible inorganic salts simply pass by diffusion through the walls of the 
blood-vessels of the glomerulus into the capsule of MUller, while the urea 
and remaining organic constituents are removed by true secretory action of 
the renal epithelium. Modem experimentation supports this view of renal 
action. 

The secretion of urine is therefore partly physical and partly vital, 

'X\i& filtration of urinary constituents from the glomerulus into Mtiller's 
capsule depends largely upon the blood pressure and the rapidity of blood 
flow in the renal artery and glomerulus. Among the influences which 
increase the pressure and velocity may be mentioned increased frequency 
and force of the heart's action, contraction of the capillary vessels of the 
body generally, dilatation of the renal artery, increase in the volume of the 
blood. 

The reverse conditions lower the blood pressure and diminish the secre- 
tion of urine. 

The elimination of the organic matters by secretory activity of the renal 
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epithelium seems to be well established by modern experiments. These 
substances, removed from the blood in the secondary capillary plexus of 
blood-vessels, by a true selective action of the epithelium, are dissolved and 
washed toward the pelves by the liquid coming from the capsules. 

The blood supply to the kidney is regulated by the nervous system. If 
the renal nerves be divided, the renal artery dilates and a copious flow of 
urine takes place. If the peripheral ends of the same nerves be stimulated, 
the artery contracts and the urinary flow ceases. The same is true of the 
splanchnic nerves, through which the vasomotor nerves coming from the 
medulla oblongata and spinal cord pass to the renal plexus. 



LIVER. 

The Liver is a highly vascular, conglomerate gland, appended to the 
alimentary canal. It is the largest gland in the body, weighing about four 
and one-half pounds; it is situated in the right hypochondriac region, and 
retained in position by five ligaments, four of which are formed by duplica- 
tures of the peritoneal investment. 

The proper coat of the liver is a thin but firm fibrous membrane, closely 
adherent to the surface of the organ, which it penetrates at the transverse 
fissure, and follows the vessels in their ramifications through its substance, 
constituting Glisson^s capsule. 

Structure of the Liver. — The liver is made up of a large number of 
small bodies, the lobules, rounded or ovoid in shape, measuring the ^th of 
an inch in diameter, separated by a space in which are situated blood- 
vessels, nerves, hepatic ducts, and lymphatics. 

The Lobules are composed of cells, which, when examined microscopi- 
cally, exhibit a rounded or polygonal shape, and measure, on the average, 
the xiyW^^ ^^ ^° ^°^^ ^^ diameter ; they possess one, and at times two, nuclei; 
they also contain globules of fat, pigment matter, and animal starch. The 
cells constitute the secreting structure of the liver, and are the true hepatic 
cells. 

The Blodd-vessels which enter the liver are — 

1. The portal vein yXMidQ up of the gastric, splenic, superior, and inferior 
mesenteric veins, 

2, The hepatic artery, a, branch of the celiac axis, both of which are in- 
vested by a sheath of areolar tissue ; the vessels which leave the liver are 
the hepatic veins, originating in its interior, collecting the blood distrib- 
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uted by the portal vein and hepatic artery, and conducting it to the 
ascending vena cava. 

Distribution of Vessels. — The portal vein and hepatic artery^ upon 
entering the liver, penetrate its substance, divide into smaller and smaller 
branches, occupy the spaces between the lobules, completely surrounding 
and limiting them, and constitute the interlobular vessels. The hepatic 
artery^ in its course, gives off branches to the walls of the portal vein and 
Glisson*s capsule, and finally empties into the small branches of the portal 
vein in the interlobular spaces. 

The interlobular vessels form a rich plexus around the lobules, from 
which branches pass to neighboring lobules and enter their substance, 
where they form a very fine network of capillary vessels, ramifying over 
the hepatic cells, in which the various functions of the liver are performed. 
The blood is then collected by small veins, converging toward the center 
of the lobule, to form the intralobular veiny which runs through its long 
axis and empties into the sublobular vein. The hepatic veins are formed 
by the union of the sublobular veins, and carry the blood to the ascending 
vena cava ; their walls are thin and adherent to the substance of the hepatic 
tissue. 

The Hepatic Ducts or Bile Capillaries originate within the lobules, 
in a very fine plexus lying between the hepatic cells ; whether the smallest 
vessels have distinct membranous walls, or whether they originate in the 
spaces between the cells by open orifices, has not been satisfactorily deter- 
mined. 

The Bile Channels empty into the interlobular ducts, which measure 
about ^tjV^^^ ^^ ^" \x^^ in diameter, and are composed of a thin, homo- 
• geneous membrane lined by flattened epithelial cells. 

As the interlobular bile ducts unite to form larger trunks, they receive an 
external coat of fibrous tissue, which strengthens their walls; they finally 
unite to form one large duct, the. hepatic duct, which joins the cystic duct ; 
the union of the two forms the ductus communis choledochus, which is 
about three inches in length, the size of a goose quill, and opens into the 
duodenum. 

The Gall Bladder is a pear-shaped sac, about four inches in length, 
situated in a fossa on the under surface of the liver. It is a reservoir for 
the bile, and is capable of holding about one ounce and a half of fluid. It 
is composed of three coats, — 

1. .Serous, a reflection of the peritoneum. 

2. Fibrous and muscular. 

3. Mucous. 



LIVER. 147 

Functions of^ the Liver. — The liver is a complex organ having a 
variety of relations to the general processes of the body. While its physi- 
ologic actions are not yet wholly understood, it may be said that it — 

1. Secretes bile. 

2. Forms glycogen. 

3. Assists in the formation of urea and allied products. 

4. Modifies the composition of the blood as it passes through it. 

The Secretion of Bile. — The characteristic constituents of the bile do 
not preexist in the blood, but are formed within the interior of the liver 
cells out of materials derived from the venous and arterial blood. The 
hepatic cells absorbing these materials elaborate them into bile elements, 
and in so doing undergo histologic changes similar to those exhibited by 
other secretory glands. The bile once formed, it passes into the mouths 
of the bile capillaries, near the periphery of the lobules. Under the influ- 
ence of the vis a-tergo of the new-formed bile it flows from the smaller into 
the larger bile ducts, and finally empties into the intestine, or is regurgi- 
tated into the gall bladder, where it is stored up until it is required for the 
digestive process in the small intestine. The study of the secretion of bile 
by means of biliary flstulae reveals the fact that the secretion is continuous 
and not intermittent ; that the hepatic cells are constantly pouring bile into 
the ducts, which convey it into the gall bladder. As this fluid is required 
only during intestinal digestion, \( is only then that the walls of the gall 
bladder contract and discharge it into the intestine. 

The flow of bile from the liver cells into the gall bladder is accomplished 
by the inspiratory movements of the diaphragm, the contraction of the 
muscular fibers of the biliary ducts, as well as the vis-a tergo of new>formed 
bile. Any obstacle to the outflow of bile into the intestine leads to an 
accumulation within the bile ducts. The pressure within the ducts in- 
creasing beyond that of the blood within the capillaries, a re- absorption of 
biliary matters by the Ijonphatics takes place, giving rise to the phenomena 
of jaundice. 

The Bile is both a secretion and an excretion ; it contains new constitu- 
ents which are formed only in the substance of the liver, and are destined 
to play an important part ultimately in nutrition ; it contains also waste 
ingredients which are discharged into the intestinal canal and eliminated 
from the body. 

Glycogenic Function. — In addition to the preceding hinction, Bernard, 
in 1848, demonstrated the fact that the liver, during life, normally produces 
a sugar-forming substance, analogous in its chemical composition to starch. 
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which he terms glycogen ; also that when the liver is jemoved from the 
body, and its blood-vessels thoroughly washed out, after a few hours sugar 
again makes its appearance in abundance. 

It can be shown to exist in the blood of the hepatic vein as well as in a 
decoction of the liver substance by means of either Trommer's or Fehling*s 
tests, even when the blood of the portal vein does not contain a trace of sugar. 

Origin and Destination of Glycogen. — Glycogen appears to be 
formed de novo in the liver cells, from materials derived from the food, 
whether the diet be animal or vegetable, though a larger per cent, is formed 
when the animal is fed on starchy and saccharin, than when fed on animal 
food. The glucose^ which is one of the products of digestion, is absorbed 
by the blood-vessels, and carried directly into the liver ; as it does not ap- 
pear in the urine, as it would if injected at once into the general circulation, 
it is probable that it is detained in the liver, dehydrated, and stored up as 
glycogen. The change is shown by the following formula : — 

Glucose. Water. Glycogen. 
CgH,j,Og — H2O = CgHioOg. 

The glycogen thus formed is stored up in the hepatic cells for the future 
requirements of the system. When it is carried from the liver it is again 
transformed into glucose by the agency ^of a ferment. Glycogen does not 
undergo oxidation in the blood ; this takes place in the tissues, particularly 
in the muscles, where it generates heat and contributes to the development 
of muscular force. 

Glycogen, when obtained from the liver, is an amorphous, starch-like 
substance, of a white color, tasteless and colorless, and soluble in water ; by 
boiling with dilute acids, or subjected to the action of an animal ferment, 
it is easily converted into glucose. When an excess of sugar is generated 
by the liver, it can be found, not only in the blood of the hepatic vein, 
but also in other portions of the body ; under these circumstances it is 
eliminated by the kidneys, appearing in the urine, constituting the condi- 
tion of glycosuria. 

Formation of Urea. — The liver is now regarded by many physiologists 
to be the principal organ concerned in urea formation. The liver normally 
contains a certain amount of urea, and if blood be passed through the 
excised liver of an animal which has been in full digestion, a large amount 
of urea b obtained. The clinical evidence proves that in destructive dis- 
eases of the liver substance there is at once a falling off in urea elimination. 
Various drugs which increase liver action increase the urea in the urine. 
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Elaboration of Blood. — Besides the capability of secreting bile, the 
liver posesses the property of so acting upon and modifying the chemic 
composition of the products of digestion as they traverse its substance, 
that they readily assimilate with the blood, and are transformed into mate- 
rials capable of being converted into the elements of the blood and solid 
tissues. 

The albuminous particularly requires the modifying influence of the liver ; 
for if it be removed from the portal vein and introduced into the jugular 
vein, it is at once removed from the blood by the action of the kidneys. 

The blood of the hepatic vein differs from the blood of the portal vein 
in being richer in blood corpuscles, both red and white ; its plasma is more 
dense, containing a less percentage of water and a greater amount of solid 
constituents, but no fibrin; its serum contains less albumin, fats, and salts, 
but its sugar is increased. 

Influence of the Nervous System. — The nervous system directly 
controls the functional activity of the liver, and more especially its glyco- 
genic function. It was discovered by Bernard that puncture of the medulla 
oblongata is followed by such an enormous production of sugar that it is at 
once excreted by the kidneys, giving rise to diabetic or saccharin urine. 
This part of the medulla is, however, the vasomotor center for the blood- 
vessels of the liver. Destruction of this center, or injury to the vasomotor 
nerves emanating from it in any part of their course, is followed at once by 
dilatation of the hepatic blood> vessels, slowing of the blood current, a pro- 
found disturbance of the normal relation existing between the blood and 
liver cells, and a production of sugar. Many of the hepatic vasomotor 
nerves may be traced down the cord as far as the lumbar r^ion, while 
others leave the cord high up in the neck and enter the cervical ganglia of 
the sympathetic and so reach the liver. Injury to the sympathetic ganglia 
is often followed by diabetes. Peripheral stimulation of various nerves, 
e. g.f sciatic, pneumogastric, depressor nerve, as well as the direct action of 
many drugs, impair or depress the hepatic vasomotor center and so give 
rise to diabetes. 

SKIN. 

The Skin, the external investment of the body, is a most complex and 
important structure, serving — 

1. As a protective covering, 

2. An organ for tactile sensibility, 

3. An organ for the elimination of excrementitious matters. 
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The Amount of Skin investing the body of a man of average size is 
about twenty feet, and varies in thickness, in different situations, from the 
|th to the jijfth of an inch. 

The skin consists of two principal layers, viz., a deeper portion, the 
Corium, and a superficial portion, the Epidermis, 

The Corium, or Cutis vera, may be subdivided into a reticulated Ktid. 
a papillary layer. Tht former is composed of white fibrous tissue, non- 
striated muscular fibers, and elastic tissue, interwoven in every direction, 
forming an areolar network, in the meshes of which are deposited masses 
of fat, and a structureless amorphous matter ; the latter is formed mainly of 
club-shaped elevations or projections of the amorphous matter, constituting 
iht papillce ; they are most abundant, and well developed, upon the palms 
of the hands and the soles of the feet ; they average the y^^yth of an inch 
in length, and may be simple or compound; they are well supplied with 
nerves, blood-vessels, and lymphatics. 

The Epidermis, or Scarf Skin, is an extravascular structure, a product 
of the true skin, and composed of several layers of cells. It may be divided 
into two layers, the rete mucosumy or the Malpighian layer y and the homy 
or corneous. 

The former closely applies itself to the papillary layer of the true skin, 
and is composed of large, nucleated cells, the lowest layer of which, the 
*' prickle cells," contain pigment granules, which give to the skin its varying 
tints in different individuals and in different races of men ; the more super- 
ficial cells are large, colorless, and semitransparent. The lattery the cor- 
neous layer, is composed of flattened cells, which, from their exposure to 
the atmosphere, are hard and horny in texture; it varies in thickness from 
|th of an inch on the palms of the hands and feet, to the ^^^th of an inch 
in the external auditory canal. 

APPENDAGES OF THE SKIN. 

Hairs are found in almost all portions of the body, and can be divided 
into — 

1. Long, soft hairs, on the head. 

2. Short, stiff hairs, along the edges of the eyelids and nostrils. 

3. Soft, downy hairs, on the general cutaneous surface. They consist of a 
root and a shafty which is oval in shape, and about the ^^Tyth of an inch 
in diameter ; it consists of fibrous tissue, covered externally by a layer ot 
imbricated cells, and internally by cells containing granular and pigment 
material. 
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The Root of the hair is embedded in the hair follicle, formed by a tubular 
depression of the skin, extending nearly through to the subcutaneous tissue; 
its walls are formed by the layers of the corium, covered by epidermic cells. 
At the bottom of the follicle is a papillary projection of amorphous matter, 
corresponding to a papilla of the true skin, containing blood-vessels and 
nerves, upon which the hair root rests. The investments of the hair roots 
are formed of epithelial cells, constituting the internal and external root 
sheaths. 

The hair protects the head from the heat of the sun and cold, retains the 
heat of the lw)dy, prevents the entrance of foreign matter into the lungs, 
nose, ears, etc. The color is due to the pigment matter, which, in old age, 
becomes more or less whitened. 

The Sebaceous Glands, imbedded in the true skin, are simple and 
compound racemose glands, opening, by a common excretory duct, upon 
the surface of the epidermis or into the hair follicle. They are found in 
all portions of the body, most abundantly in the face, and are formed by a 
delicate, structureless membrane, lined by flattened polyhedral cells. The 
sebaceous glands secrete a peculiar oily matter, the sebunty by which the 
skin is lubricated and the hairs softened ; it is quite abundant in the region 
of the nose and forehead, which often present a greasy, glistening appear- 
ance ; it consists of water, mineral salts, fatty globules, and epithelial cells. 

The vemix caseosa^ which frequently covers the surface of the fetus at 
birth, consists of the residue of the sebaceous matters, containing epithelial 
cells and fatty matters ; it seems to keep the skin soft and supple, and 
guards it from the effects of the long-continued action of water. 

The Sudoriparous Glands excrete the sweat. They consist of a mass 
or coil of a tubular gland duct, situated in the derma and in the subcutane- 
ous tissue, average the ^^^th of an inch in diameter, and are surrounded by 
a rich plexus of capillary blood-vessels. From this coil the duct passes in a 
straight direction up through the skin to the epidermis, where it makes a 
few spiral turns and opens obliquely upon the surface. The sweat glands 
consist of a delicate homogeneous membrane lined by epithelial cells, whose 
function is to extract from the blood the elements existing in the perspira- 
tion. 

The glands are very abundant all over the cutaneous surface, as many as 
3528 to the square inch, according to Erasmus Wilson. 

The Perspiration is an excrementitious fluid, clear, colorless, almost 
odorless, slightly acid in reaction, with a specific gravity of 1.003 to 1.004. 

The Total Quantity of perspiration excreted daily has been estimated 
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at about two pounds, though the amount varies with the nature of the food 
and drink, exercise, external temperature, season, etc. 

The elimination of the sweat is not intermittent, but continuous ; but it 
takes place so gradually that as fast as it is formed it passes off by evapora- 
tion as insensible perspiration. Under exposure to great heat and exercise 
the evaporation is not sufficiently rapid, and it appears as sensible perspira- 
tion. 

COMPOSITION OF SWEAT. 

Water, 995 573 

Urea, oo43 

Fatty matiera, 0.014 

Alkaline lactates, 0-3i7 

Alkaline sudorates, 1.562 

Inoi^anic salts, 2.491 

1000.00 
Urea is a constant ingredient. 

Carbonic acid is also exhaled from the skin, the amount being about ^^th 
of that from the lungs. 

Perspiration regulates the temperature and removes waste matters from 
the blood ; it is so important, that if elimination be prevented death occurs 
in a short time. 

Influence of the Nervous System. — The secretion of sweat is regu- 
lated by the nervous system. Here, as in the secreting glands, the fluid is 
formed from material in the lymph spaces surrounding the gland. Two 
sets of nerves are concerned, viz. y'Vasomotor^ regulating the blood supply; 
and secretory^ stimulating the activities of the gland cells. Generally the 
two conditions, increased blood flow and increased glandular action, co-exist. 
At times profuse clammy perspiration occurs, wiih diminished blood flow. 

The dominating sweat center is located in the medulla, though subordi- 
nate centers are present in the cord. The secretory fibers reach the perspi- 
ratory glands of the head and face through the cervical sympathetic; of the 
arms, through the thoracic sympathetic, ulnar, and radial nerves ; of the 
leg, through the abdominal sympathetic and sciatic nerves. 

The sweat center is excited to action by mental emotions, increased tem- 
perature of blood circulating in the medulla and cord, increased venosity of 
blood, and many drugs, rise of external temperature, exercise, etc. 
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CEREBROSPINAL AXIS. 

The Cerebrospinal Axis consists of the spinal cord , medulla oblon- 
gata, pons Varolii, cerebellum and cerebrum, exclusive of the spinal and 
cranial nerves. It is contained within the cavities of the cranium and 
spinal column, and surrounded by three membranes, the dura mater, 
arachnoid, and pia mater, which protect it from injury and supply it with 
blood-vessels. 

MEMBRANES. 

The Dura Mater, the most external of the three, is a tough membrane, 
composed of white fibrous tissue, arranged in bundles, which interlace in 
every direction. In the cranial cavity it lines the inner surface of the 
bones, and is attached to the edge of the foramen magnum ; sends processes 
inward, forming the falx cerebri, falx cerebelli, and tentorium cerebelli, 
supporting and protecting parts of the brain. In the spinal canal it loosely 
invests the cord, and is separated from the walls of the canal by areolar 
tissue. 

The Arachnoid, the middle membrane, is a delicate serous structure 
which envelopes the brain and cord, forming the visceral layer, and is then 
reflected to the inner surface of the dura mater, forming \h& parietal layer. 
Between the two layers there is a small quantity of fluid which prevents 
friction by lubricating the two surfaces. 

The Pia Mater, the most internal of the three, composed of areolar 
tissue and blood-vessels, covers the entire surface of the brain and cord, to 
which it is closely adherent, dipping down between the convolutions and 
fissures. It is exceedingly vascular, sending small blood-vessels some dis- 
tance into the brain and cord. 

The Cerebrospinal Fluid occupies the subarachnoid space and the 
general ventricular cavities of the brain, which communicate by an opening, 
the foramen of Magendie, in the pia mater, at the lower portion of the 
4th ventricle. This fluid is clear, transparent, alkaline, possesses a salt 
taste and a low specific gravity ; it is composed largely of water, traces of 
albumin, glucose, and mineral salts. It is secreted by the pia mater ; the 
quantity is estimated from two to four fluidounces. 

The /unclion of the cerebrospinal fluid is to protect the brain and cord 
by preventing concussion from without ; by being easily displaced into the 
spinal canal, prevents undue pressure and insufficiency of blood to the 
brain. 

K 
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SPINAL CORD. 

The Spinal Cord varies from i6 to i8 inches in length ; is half an inch 
in thickness, weighs i^ ozs., and extends from the atlas to the 2d lumbar 
vertebra, terminating in the filum terminaie. It is cylindrical in shape, 
and presents an enlargement in the lower cervical and lower dorsal regions, 
corresponding to the origin of the nerves which are distributed to the 
upper and lower extremities. The cord is divided into two lateral halves 
by the anterior and posterior fissures. It is composed of both white or 
fibrous and gray or vesicular matter, the former occupying the exterior of 
the cord, the latter the interior, where it is arranged in the form of two 
crescents, one in each lateral half, united together by the central mass, the 
gray commissure ; the white matter being united in front by the white 
commissure. 

Structure of the Gray Matter. — The gray matter is arranged in the 
form of two crescents, united by a commissural band, forming a figure re> 
sembling the letter H. Each crescent presents an anterior and a posterior 
horn. The center of the commissure presents a canal which extends from 
the fourth ventricle downward to the filum terminaie. The anterior horn 
is short and broad and does not extend to the surface. The posterior horn 
is narrow and elongated and extends quite to the surface. It is covered 
and capped by the substantia gelatinosa. The gray matter consists primarily 
of a framework of fine connective tissue, supporting blood-vessels, lymphatics, 
medullated and non-medullated nerve fibers, and groups of nerve cells. 

The Nerve Cells are arranged in groups, which extend for some dis- 
tance throughout the cord, forming columns more or less continuous. The 
first group is situated in the anterior horn, the cells of which are large multi- 
polar and connected with the anterior roots of the spinal nerves. The 
second group is situated in the posterior horn, the cells of which are spin- 
dle-shaped, and from their relation to the posterior roots are supposed to 
be sensory in function. The third group is situated in the lateral aspect 
of the gray matter, and is quite separate and distinct, except in the lumbar 
and cervical enlargements, where it blends with those of the anterior 
horn. A fourth group is situated at the inner base of the posterior horn ; 
it begins about the 7th or 8th cervical nerve and extends downward 
to the 2d or 3d lumi)ar, being most prominent in the dorsal region. This 
column is known as Clark's vesicular column. 

Structure of the White Matter. — The white matter surrounding each 
lateral half of the cord is made up of nerve fibers, some of which are con- 
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liaaalioDS of the nerves which enter the cord, while others are derived from 
differeDt sources. H is subdivided into— 

1. An antirior column, comprising that portion between the anterior roots 
and the anterior fissure, which is agdn subdivided into two parts: — 

a. An inner portion, bordering the anterior median fissure, the diricl 
tyramidal trad, or column of Tiiick, containing motor fibers which 
do not decussate, and which extends as &r down as the middle of 
the dorsal region. 

b. An oulir portion, surrounding the anterior comoa, known as the 
anitrior root tone, composed of short, longitodinal fibers which serve 
to connect (ogelhet differ- 

entsegmentsof thespinal a l> 

I. A /itiicrii/ column, the portion 
between the anterior and pos- 
lerior roots, which is divisible 

a. The crossed pyramidal 
trad, occupying the pos- \ 
lerior portion of the lateral 
columo, and containing 
all those fibers of the 
motor tract which have 
decussated at the medul- , 

la oblongata; it is com- in thb Sfihal Cord at 
po.td o[ locEimdiMll, „=;™ ^^ ^ „_ ^^ 
running fibers which are rior, hw, poaierior, root, 
connected with the mul- umn, ground bundle, c. C 
tipolar nerve Cells of the ^"^1°""",""^ *Dkr«'«i^l^"l'l/i™"J"'i 
anterior COrnua. (Z^"rfX) '* 

*. The .firee/ certbettar 
tract, situated upon the surface of the lateral column, consisting of 
longitudinal fibers which terminate in the cerebellum; it first appears 
in the lumbar region, and increases as it passes upward. 

c. The anterior tract, lying just posterior to the anterior cornua. 

3. A. /posterior column, the portion included between the posterior roots 
and the posterior fissure, also divisible into two portions: — 

a. An iHMtr portion, the postere-inttmal column, or the column of 
Got!, bordering the posterior median fissure, and 







Q exltmal portion, Ihe posltro-eiternal column, Ihi 

irdttch, lying just behind tiie poEleriot roots. They are composed 

long and short commissural iihers which connect logethet dilTereiit 
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r Origin.^Thc spinal neriea are thirty -one in number un each side of the 

spinal cord, end arise by two roots, an anlerior and posterior, (nun tfae 
anterior and posterior aspects of the cord respeclively; (he posleriorniitts 
present near their emergence from tlie cord a small gangliooic enlarge- 
ment ; oulside of the spinnt canal ihe tvo roots nnite lo form a main trunk, 
which is ultimately distributed to the skin 

The Fiinction of the Aoterioi 
from the centers to the periphery. Inital 
I. Convulsive movements in the muscles, 
z. Secretion of glands, and 
3. Changes in vascular caliber. 

Division of these roots is followed \>y— 



u 




3. Loss of vascular changes. 

The Function of the Posterior Roots is t 
from the periphery to the spinal cord and braii 
produces — 

1. Reflex activities. 

2. Conscious sensations. 
Division of these roots is followed by— 

1. A loss of reflex activity and 

2. By a loss of sensation in all the parts to which they 
The gang/ioH on the posterior roo l influences the 

nerve; for if the nerve be separated from the ganglion, it undergoei 
degeneration in the course of a few days in the direction in which it 
carries impressions, i. f., from the periphery to the centers ; if the m 
dtviried iefnicen the ganglion and the cord, the central end only undergoes 
degeneration. The Dulrition of Ihe anterior roof is governed by nerve cells 
the gray matter of the cord ; for if these cells undergo atrophy, or if the 
nerve be dividtd, it undergoes degeneration outward. 
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COURSE OP THE ANTERIOR AND POSTERIOR ROOTS. 
The Anterior Roots pass through the anterior columns, horizontally, 
in straight and distinct bundles, and enter the anterior cornuae, where they 
diverge in four directions : — 

1 . Many become connected with the prolongations of the multipolar nerve 
cells. 

2. Others leave the gray matter, pass through the anterior white commis- 
sure, and enter the anterior columns of the opposite side. 

3 . A considerable number enter the lateral columns of the same side, through 
which they pass to the medulla oblongata, where they decussate and fin- 
ally terminate in the corpus striatum of the opposite side. 

4. Others traverse the gray matter horizontally, and come into relation 
with the cells of the intermediary lateral column. 

The Posterior Roots enter the posterior horns of the gray matter — 

1. Through the substantia gelatinosa. 

2. Through the posterior columns ; of the former ^ some bend upward 
and downward, and become connected with the anterior cornuae ; others 
pass through the posterior commissure to the opposite side; of the latter ^ 
fibers pass into the gray matter to the posterior vesicular columns, passing 
obliquely through the posterior white columns upward and downward 
for some distance, and enter the gray matter at different heights. 

Decussation of Motor and Sensory Fibers. — The Motor fibers, 
which conduct volitional impulses from the brain outward to the anterior 
cornuae, arise in the motor centers of the cerebrum ; they then pass down- 
ward through the corona fadiata, the internal capsule, the inferior portions 
of the crura cerebri, the pons Varolii, to the medulla oblongata, where the 
motor tract of each side divides into two portions, viz. : — 

1. The larger^ containing 91 to 97 per cent, of the fibers, which decussates 
at the lower border of the medulla and passes down in the lateral column 
of the opposite side, and constitutes the crossed pyramidal tract. 

2. The smaller^ containing three to nine per cent, of the fibers, does not decus- 
sate, but passes down the anterior column of the same side, and constitutes 
the direct pyramidal tract, or the column of Ttirck. Some of the motor 
fibers of these two tracts, after entering the anterior cornuae of the gray 
matter, become connected with the large multipolar nerve cells, while 
others pass directly into the anterior roots. Through this decussation 
each half of the brain governs the muscular movements of the opposite 
side of the body. 

The Sensory fibers, which convey the impression made upon the peri- 
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phery to the cord and brain, pass into the cord through the posterior roots 
of spinal nerves; they then diverge and enter the gray matter at different 
levels, and at once decussate, passing to the opposite side of the gray 
matter. The sensory tract passes upward, through the cord, the medulla, 
pons Varolii, the superior portion of the crura cerebri, the posterior third 
of the internal capsule, to the sensory perceptive center, located in the 
hippocampus major and unciate convolution (Ferrier). Through this decus- 
sation each half of the brain governs the sensibility of the opposite half of 
the body. 

Properties of the Spinal Cord. — Irritation applied directly to the 
anterolateral white columns produces muscular movements but no pain ; 
they are, therefore, excitable but insensible. 

The surface of the posterior columns is not sensitive to direct irritation, 
except near the origin of the posterior roots. The sensibility is due, how- 
ever, not to its own proper fibers, but to the fibers of the posterior root 
which traverse it. 

Division of the anterolateral columns abolishes all power of voluntary 
movement in the lower extremities. 

Division of the posterior columns impairs the power of muscular coordi- 
nation, such as is witnessed in locomotor ataxia. 

The gray matter is probably both insensible and inexcitable under the 
influence of direct stimulation. 

A transverse section of one lateral half of the cord produces : — 

1. On the same side, ]>ara1ysis of voluntary motion and a relative or absolute 
elevation of temperature and an increased flow of blood in the paralyzed 
parts ; hyperesthesia for the sense of contact, tickling, pain, and tempera- 
ture. 

2. On the opposite side, complete anesthesia as r^ards contact, and tick- 
ling and temperature, in the parts corresponding to those which are 
paralyzed in the opposite side, with a complete preservation of voluntary 
power and of the muscular sense. 

A vertical section through the middle of the gray matter results in the 
loss of sensation on both sides of the body below the section, but no loss of 
voluntary power. 

FUNCTIONS OF THE SPINAL CORD. 

I. As an Independent Nerve Center. 

The spinal cord, in virtue of its contained nerve-cells, is capable of 
transforming afferent nerve impulses arriving through the afferent nerres 




from the right tide,]. pii«&eA down through Ihe cms. through ihop^_ _ — - _-- — 

crosses over to the opposile side of ine cord and ousss down (hrouah (he lateral 
column. It eiv« off fibers at difiTerenl lereb. vhich pais into the gray mittcr and 
becomeeonnecicdwiihlhemusclH.M, through the multipolar cells: the smallir 
portion, three per cent,, does not cross over, but descends on the Banc side of the 

lie imsurjt Jibtrt from tlie left side of the body enter the gray matter through the 
posterior roots. They then cross over at once to Ihe opposite side of ilie cord and 
ascend to the hemisphere partly in the gray mailer, partly in the posterior column. 
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into efferent impulses, which are reflected outward through efferent nerves 
to muscles producing motion, to glands exciting secretion, to blood-vessels 
changing their caliber. All such actions taking place independent of 
either sensation or volition are termed reflex actions. The mechanism 
involved in every reflex action consists of a sentient surface, an afferent 
nerve, a receptive center in connection with the nerve, a commissural fiber, 
an emissive center, an efferent nerve, and a responsive organ, muscle, 
gland, or blood-vessel. 

The reJUx excitability of the cord may be — 

1. Increased by disease of the lateral columns, the administration of 
strychnia, and, in frogs, by a separation of the cord from the brain, the 
latter apparently exerting an inhibitory influence over the former and 
depressing its reflex activity. 

2. Inhibited by destructive lesions of the cord, e.g.^ locomotor ataxia, 
atrophy of the anterior comuae, the administration of various drugs, and, 
in the frog, by irritation of certain regions of the brain. When the cere- 
brum alone is removed and the optic lobes stimulated, the time elapsing 
between the application of an irritant to a sensory surface and the 
resulting movement will be considerably prolonged, the optic lobes 
(Setschenow's center) apparently generating impulses which, descending 
the cord, retard its reflex movement. 

All movements taking place through the nervous system are of this reflex 
character, and may be divided into excito-mofor, sensori-motory and ideo- 
motor. 

Classification of Reflex Movements. (Kiiss.) They may be divided 
into four groups, according to the route through which the centripetal and 
centrifugal impulses pass : — 

1. Those normal reflex acts, e.g.^ deglutition, coughing, sneezing, walk- 
ing, etc.; pathologic reflex acts, e.g.y tetanus, vomiting, epilepsy, which 
take place both centripetally and centrifugally through spinal nerves. 

2. Reflex acts which take place in a centripetal direction through a cere- 
bro-spinal sensory nerve, and in a centrifugal direction through a sym- 
pathetic motor nerve, usually a vasomotor nerve, e.g.^ the normal reflex 
acts, which give rise to most of the secretions, pallor, and blushing of 
the skin, certain movements of the iris, certain modifications in the beat 
of the heart; the pathologic, which, on account of the difficulty in ex- 
plaining their production, are termed metastatic ^ e. g.^ ophthalmia, coryza, 
orchitis, which depend on a reflex hyperemia; amaurosis, paralysis, 
paraplegia, etc., due to a reflex anemia. 

3. Reflex movements, in which the centripetal impulse passes through a 
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sympathetic nerve, and the centrifugal through a cerebro- spinal nerve ; 
most of these phenomena are pathological, e^g.^ convulsions from intesti- 
nal irritation produced by the presence of worms, eclampsia, hysteria, etc. 
4. Reflex actions, in which both the centripetal and centrifugal impulses 
pass through filaments of the sympathetic nervous system, e.g.y those 
obscure reflex actions which preside over the secretions of the intestinal 
fluids, which unite the phenomena of the generative organs, the dilatation 
of the pupils from intestinal irritation (worms), and many pathological 
phenomena. 

Laws of Reflex Action. (Pfluger.) 

1. Law of Unilaterality. — If a feeble irritation be applied to one or 
more sensory nerves, movement takes place usually on one side only, and 
that upon the same side as the irritation. 

2. Law of Symmeiry, — If the irritation becomes sufficiently intense, 
motor reaction is manifested, in addition, in corresponding muscles of the 
opposite side of the body. 

3. Law of Intensity. — Reflex movements are usually more intense on the 
side of the irritation ; at times the movements of the opposite side equal 
them in intensity, but they are usually less pronounced. 

4. Law of Radiation, — If the excitation still continues to increase, it is 
propagated upward, and motor reaction takes place through centrifugal 
nerves coming from segments of the cord higher up. 

5. Law of Generalization. — When the irritation becomes very intense, it 
is propagated in the medulla oblongata; motor reaction then becomes 
general, and it is propagated up and down the cord, so that all the 
muscles of the body are thrown into action, the medulla oblongata acting 
as a focus whence radiate all reflex movements. 

Special Reflex Movements. 

There are a number of reflex movements taking place through the spinal 
cord, a study of which enables the physician to determine the condition of 
its diff"erent segments. They may be divided into : — 

1. Skin or superflcial, and 

2. Tendon or deep reflexes. 

The skin reflexes are induced by irritation of the skin and mucous mem- 
branes, ^.^., pricking, pinching, scratching, etc. The following are the 
principal skin reflexes : — 

I. Plantar reflex^ consisting of contraction of the muscles of the foot, in- 
duced by stimulation of the sole of the foot; it involves the integrity of 
the reflex arc through the lower end of the cord. 



162 HUMAN PHYSIOLOGY. 

2. Gluteal reflexy consisting of contraction of the glutei muscles when the 
skin over the buttock is stimulated ; it takes place through the segments 
giving origin to the 4th and 5th lumbar nerves. 

3. Cremasteric reflex^ consisting of a contraction of the cremaster muscle, 
and a retraction of the testicle toward the abdominal ring, when the skin 
on the inner side of the thigh is stimulated ; it depends upon the integrity 
of the segments giving origin to the 1st and 2d lumbar nerves. 

4. Abdominal reflex^ consisting of a contraction of the abdominal muscles 
when the skin upon the side of the abdomen is gently scratched ; its pro- 
duction requires the integrity of the spinal segments from the 8th to 
the 1 2th. 

5. Epigastric reflex^ consisting of a slight muscular contraction in the 
neighborhood of the epigastrium when the skin between the 4th and 
6th ribs is stimulated ; it requires the integrity of the cord between the 
4th and 7th dorsal nerves. 

6. Scapular reflex consists of a contraction of the scapular muscles when 
the skin between the scapula is stimulated ; it depends upon the integrity 
of the cord between the 5th cervical and 3d dorsal nerves. 

The superficial reflexes, though variable, are generally present in health. 
They arc increased or exaggerated when the gray matter of the cord is 
abnormally excited, as in tetanus, strychnia poisoning, and in disease of the 
lateral columns, leading to arrest of their normal functions. The tendon or 
deep reflexes are also of great value in diagnosing the condition of the 
spinal segments. They are induced by a sharp blow upon a tendon. The 
following are the principal forms : — 

1. Patella reflex or knee jerky consisting of a contraction of the extensor 
muscles of the thigh when the ligamentum patella is struck between the 
patella and tibia. This reflex is best observed when the legs are freely 
hanging over the edge of a table. The patella reflex is generally pre- 
sent in health, being absent in only two per cent. ; it is greatly exag- 
gerated in lateral sclerosis, in descending degeneration of the cord ; it is 
absent in locomotor ataxia and in atrophic lesions of. the anterior gray 
cornuse. 

2. Ankle Jerk or Reflex. — If the extensor muscles of the leg be placed 
upon the stretch and the tendo Achillis be sharply struck, a quick exten- 
sion of the foot will take place. 

3. Ankle Clonus. — This consists of a series of rhythmical reflex contrac- 
tions of the gastrocnemius muscle, varying in frequency from six to ten 
per second. To elicit this reflex, pressure is made upon the sole so as to 
suddenly and energetically flex the foot at the ankle, thus putting the 
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tendo Achillis upon the stretch. The rhythmical movements thus pro- 
duced continue so long as the tension is maintained. Ankle clonus is 
never present in health, but is very marked in lateral sclerosis of the 
cord. 

The toe reflex^ peroneal reflex, and wrist reflex are also present in scle- 
rosis of the lateral columns and in the late rigidity of the hemiplegia. 

Special Nerve Centers in Spinal Cord. — Throughout the spinal cord 
there are a number of special nerve centers, capable of being excited re- 
flexly and producing complex coordinated movements. Though for the 
most part independent in action, they are subject to the controlling influences 
of the medulla and brain. 

1. Ciliospinal center, situated in the cord between the lower cervical 
and 3d dorsal vertebra. It is connected with the dilatation of the 
pupil through fibers which emerge in this region and enter the cervical 
sympathetic. Stimulation of the cord in this locality causes dilatation 
of the pupil on the same side ; destruction of the cord is followed by 
contraction of the pupil. 

2. Genitospinai ctnitXy situated in the lower part of the cord. This is a 
complex center and comprises a series of subordinate centers for the 
control of the muscular movements involved in the acts of defecation, 
micturition, ejaculation of semen, the movements of the uterus during 
parturition, etc. 

3. Vasomotor centers, giving origin to both vasoconstrictor and vasodilator 
fibers, which are distributed throughout the cord. Though acting 
reflexly they are under the dominating influence of the center in the 
medulla. 

4. Sweat centers are also present in various parts of the cord. 

2. As a Conductor. 

The lateral columns, particularly the posterior portions, the ** pyramidal 
tracts," and the columns of Tiirck, are the channels through which pass 
the voluntary mojtor impulses from the brain to the large multipolar nerve 
cells in the anterior comuae of gray matter, and through them become 
connected with the anterior roots which transmit the motor stimuli to 
the muscles. 

The anterior columns, especially the portion surrounding the anterior 
cornuae, the " anterior radicular zones," are composed of short longitudinal 
commissural fibers, which serve to connect together different segments of 
the spinal cord, a condition required for the coordination of muscular 
movements. 
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The posterior columns are composed of short and long commissural 
Bbers which connect together different segments of the cord. They are 
insensible to direct irritation, but aid in the coordination of muscular move- 
ments in walking, standing, running, etc. Degeneration of the posterior 
columns gives rise to the lack of muscular coordination observed in loco- 
motor ataxia. 

The gray mcUUr^ and es[>ecially that portion immediately surrounding 
the central canal, transmits the sensory nerve fibers from the posterior roots 
up to the brain. Decussation of the sensory fibers takes place throughout 
the whole length of the gray matter. 

The multipolar cells of the anterior cornuce are connected with the 
generation and transmission of motor impulses outward ; are centers for 
reflex movements ; are the trophic centers for the motor nerves and muscu- 
lar fibers to which they are distributed. The anterior roots give passage 
to the vasoconstrictor and vasodilator 6bers which exert ao influence 
upon the caliber of the blood-vessels. Complete destruction of the anterior 
horns is followed by a paralysis of motion, degeneration of the anterior 
roots, atrophy of muscles and bones, and an abolition of reflex movements. 

Paralysis from Injuries of the Spinal Cord. 

Seat of Lesion, — If it be in the lower part of the sacral canal y there is 
paralysis of the compressor urethrae, accelerator urinae, and sphincter ani 
muscles ; no paralysis of the muscles of the leg. 

At the Upper Limit of the Sacral Region. — Paralysis of the muscles of 
the bladder, rectum, and anus; loss of sensation and motion in the muscles 
of the legs, except those supplied by the anterior crural and obturator, viz. : 
psoas iliacus, Sartorius, pectineus, adductor longus, magnus, and brevb, 
obturator, vastus externus and internus, etc. 

At the Upper Limit of the Lumbar Region. — Sensation and motion para- 
lyzed in both legs ; loss of power over the rectum and bladder ; paralysis 
of the muscular walls of the abdomen interfering with expiratory move- 
ments. 

At the Lower Portion of the Cervical Region. — Paralysis of the legs, 
etc., as above ; in addition, paralysis of all the intercostal muscles and con- 
sequent interference with respiratory movements ; paralysis of muscles of 
the upper extremities, except those of the shoulders. 

Above the Middle of the Cervical Region. — In addition to the preceding, 
difHculty of deglutition and vocalization, contraction of the pupils, paraly- 
sis of the diaphragm, scalene muscles, intercostals, and many of the acces- 
sory respiratory muscles ; death resulting immediately from arrest of re- 
spiratory movements. 
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CRANIAL NERVES. 

The Cranial Nerves come off from the base of the brain, pass through 
the foramina in the walls of the cranium, and are distributed to the skin, 
muscles, and organs of sense in the face and head. 

According to the classification of Soemmering, there are 12 pairs of 
nerves, enumerating them from before backward, as follows, viz.: — 

1st Pair, or Olfactory. 7th Pair, or Facial, Portio dura. 

2d Pair, or Optic. 8th Pair, or Auditory, Portio mollis. 

3d Pair, or Motor oculi communis. 9th Pair, or Glosso-pharyngeal. 
4th Pair, or Patheticus, Trochlearis. lOth Pair, or Pneumogastric. 
5th Pair, or Trifacial, Trigeminus, nth Pair, or Spinal accessory. 
6th Pair, or Abducens. 12th Pair, or Hypoglossal. 

The Cranial Nerves may also be classified physiologically, according 
to their function, into three groups : — 

1. Nerves of special sense. 

2. Nerves of motion. 

3. Nerves of general sensibility. 

I St Pair. Olfactory. 

Apparent Origin. — From the inferior and internal portion of the ante- 
rior lobes of the cerebrum by three roots, viz. : an external ivhite root^ 
which passes across the fissure of Sylvius to the middle lobe of the cere- 
brum ; an internal white root, from the most posterior part of the anterior 
lobe ; a gray root, from the gray matter in the posterior and inner portion 
of the inferior surface of the anterior lobe. 

Deep Origin. — Not satisfactorily determined. 

Distribution. — The olfactory nerve, formed by the union of the three 
roots, passes forward along the under surface of the anterior lobe to the 
ethmoid bone, where it expands into the olfactory bulb. This bulb con- 
tains ganglionic cells, is grayish in color, and soft in consistence; it 
gives off from its under surface from 15 to 20 nerve filaments, the true 
olfactory nerves, which pass through the cribriform plate of the ethmoid 
bone, and are distributed to the Schneiderian mucous membrane. This 
membrane extends from the cribriform plate of the ethmoid bone downward, 
about one inch. 

Properties. — The olfactory nerves give rise to neither motor nor sensory 
phenomena when stimulated. They carry simply the special impressions 



166 HUMAN PHYSIOLOGY. 

of odorous substances. Destruction or injury of the olfactory bulbs is 
attended by a loss of the sense of smell. 

Function. — Governs the sense of smell. Conducts the impressions 
which give rise to odorous sensations. 

2d Pair. Optic. 

Apparent Origin. — From the anterior portion of the optic commissure. 

Deep Origin. — The origins and connections of the optic tract are very 
complex. The immediate origins are bands of fibers from the thalamus 
opticus and anterior corpora quadrigemina. The corpora geniculata are 
interposed ganglia. The ultimate roots are traced — 

1. By a broad band of fibers — "the optic radiation of Gratiolet" — to the 
psycho-optic centers in the occipital lobes. 

2. To the gyrus hippocampi and sphenoidal lobes. 

3. Through the corpus callosum to the motor areas of the opposite cerebral 
hemispheres. 

4. To the frontal region by ** Meynert*s Commissure." 

5. To the spinal cord. 

6. To the corpora geniculata, pulvinar, and anterior corpora geniculata by 
ganglionic roots. 

Distribution. — The two roots unite to form a flattened band, the optic 
tract, which winds around the crus cerebri to decussate with the nerve of 
the opposite side, forming the optic chiasm. The decussation of fibers is 
not complete ; some of the fibers of the left optic tract going to the outer 
half of the eye of the same side, and to the inner half of the eye of the 
opposite side ; the same holds true for the right optic tract. 

The optic nerves proper arise from the commissure, pass forward through 
the optic foramina, and are finally distributed in the retince. 

Properties. — They are insensible to ordinary impressions, and convey 
only the special impressions of light. Division of one of the nerves is 
attended by complete blindness in the eye of the corresponding side. 

Hemiopia and Hemianopsia. — Owing to the decussation of the fibers 
in the optic chiasm division of the optic tract produces loss of sight in the 
outer half of the eye of the same side, and in the inner half of the eye 
of the opposite side, the blind part being separated from the normal part 
by a vertical line. The term hemiopia is applied to the loss of function or 
paralysis of the one-half of the retina; hemianopsia is applied to the 
blindness in the field of vision. If, for example, the right optic tract be 
divided, there will be hemiopia in the outer half of the right eye and inner 
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half of left eye, thus causing Uft lateral hemianopsia^ and as the two 
halves are affected which correspond in normal vision, it is spoken of as 
homonymous hemianopsia. Lesion of the anterior part of the optic chiasm 
causes blindness in the inner half of the two eyes. 

Functions. — Governs the sense of sight. Receives and conveys to the 
brain the luminous impressions which give rise to the sensation of sight. 

The reflex movements of the iris are called forth by the optic nerve. 
When an excess of light falls upon the retina the impression is carried 
back to the tubercula quadrigemina, where it is transformed into a motor 
impulse, which then passes outward through the motor oculi nerve to the 
contractile fibers of the iris and diminishes the size of the pupil. The 
absence of light is followed by a dilatation of the pupil. 

3d Pair. Motor Oculi Communis. 
Apparent Origin. — From the inner surface of the crura cerebri. 

Deep Origin. — By three sets of Blaments coming from the oculo- 
motorius nucleus, which lies under the aqueduct of Sylvius ; these three 
groups of filaments are destined for the innervation of the muscles of the 
eyeball, the sphincter pupillae, and the ciliary muscle. By filaments coming 
from the lenticular nucleus, corpora quadrigemina, optic thalamus ; these 
filaments converge to form a main trunk, which winds around the cms 
cerebri, in front of the pons Varolii. 

Distribution. — The nerve then passes forward, and enters the orbit 
through the sphenoidal fissure, where it divides into a superior branch dis- 
tributed to the superior rectus and levator palpebra muscles ; an inferior 
branch sending branches to the internal and inferior recti^ and the in- 
ferior oblique muscles ; filaments also pass into the ciliary or ophthalmic 
ganglion ; from this ganglion the ciliary nerves arise which enter the eye- 
ball, and are distributed to the circular fibers of the iris and the ciliary 
muscle. The 3d nerve also receives filaments from the cavernous plexus 
of the sympathetic and from the 5th nerve. 

Properties. — Irritation of the root of the nerve produces contraction 
of the pupil, internal strabismus, muscular movements of eye, but no pain. 
Division of the nerve is followed by ptosis (falling of the upper eyelid), 
external strabismus^ due to the unopposed action of the external rectus 
muscle ; paralysis of the accommodation of the eye ; dilatation of the 
pupil from paralysis of the circular fibers of the iris and ciliary muscle ; 
and inability to rotate the eye, slight protrusion^ and double vision. The 
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images are crossed ; that of the paralyzed eye is a little above that of the 
sound, and its upper end inclined toward it. 

Function. — Governs movements of the eyeball by animating all the 
muscles except the external rectus and superior oblique, the movements of 
the iris, elevates the upper lid, influences the accommodation of the eye 
for distances. Can be called into action by (i) voluntary stimuli, (2) by 
reflex action through irritation of the optic nerve. 

4th Pair. Patheticus. 
Apparent Origin. — From the superior peduncles of the cerebellum. 

Deep Origin. — By fibers terminating in the corpora quadrigemina, 
lenticular nucleus, valve of Vieussens, and in the substance of the cerebellar 
peduncles ; some filaments pass over the median line and decussate with 
fibers of the opposite side. 

Distribution. — The nerve enters the orbital cavity through the sphe- 
noidal fissure, and is distributed to the superior oblique muscle; in its 
course receives filaments from the ophthalmic branch of the 5th pair and 
the sympathetic. 

Properties. — When the nerve is irritated muscular movements are pro- 
duced in the superior oblique muscle, and the pupil of the eye is turned 
downward and outward. Division or paralysis lessens the movements 
and rotation of the globe downward and outward. The diplopia conse- 
quent upon this paralysis is homonymous, one image appearing above the 
other. The image of the paralyzed eye is below, its upper end inclined 
toward that of the sound eye. 

Function. — Governs the movements of the eyeball produced by the 
action of the superior oblique muscles. 

6th Pair.^ Abducens. Motor Oculi Externus. 

Apparent Origin. — From the groove between the anterior pyramidal 
body and the pons Varolii, where it arises by two roots. 

Deep Origin. — From the gray matter of the medulla oblongata. 

Distribution. — The nerve then passes into the orbit through the sphe- 
noidal fissure, and is distributed to the external rectus muscle. Receives 



* The 6th nerve is considered in connection with the 3d and 4th nerves, since they 
together constitute the motor apparatus by which the ocular muscles are excited to 
act\an. 



filaineQla from the cervical portion of the aympalhelic, Ihrough Ibe catolid 
plexus, and spbeDopalatEDe gangUon- 

Properties.^When ittilalid, the exUmal rtctus musilc 13 Ihrown into 
caDvulsive moTEments and Ibe eyeball is tiiniei! outward. When dividsd 
tx paralysed, this muscle is paralyzed, moiion of the eyeball oulword past 
ihe median line is impossible, and the bomonymons diplopia increases as 
the object is moTed outward past this iine. The images are upon the same 
plane and parallel. Internal strabismus results because of Lhc iinopposed 
aciion of Ihe internal reclus, 

Funclion.— To turn the eyeball outward. 

■ 5Ih Pair. Trifacial. Trigeminal. 

n Apparent Origin. — By two roots from Ihe side of ibe pons Varolii. 
Deep Origin. — The deep origin of the two toots is the upper part af 
the floor and anterior wall of the fourth ventricle, by three bundles of fila- 
ments, one of which anastomoses with the auditory nerve; another passes 
to Ibe lateral tract of the medulla; while a third, grayish in color, goes to 
Ihe resliform bodies, and may be traced to the point of the calamus scrip- 

Filameots of origin have been traced to the "trigeminal sensory nucleus," 
located on a level with the point of exit of Ihe nerve, and to Ibe posterior 
gray horns of the cord, as low down as the middle of the neck. 

Distribution. — The large roal of the nerve passes obliquely upward 
and forward to the ganglion of Gasser, which receives filatnents of cotn- 
municalion from the carotid plexus of the sympathetic. It then divides 
into three branches:— 

1. Ophthalmic iranci, which receives Communicating filaments from Ihe 
sympathetic, and sends sensitive fibers to all Ihe motor nerves of the 
eyeball. It is dislribntcd to the ciliary ganglion, lacrimal gland, sac 
and caruncle, conjunctiva, integument of the upper eycbd, forehead, side 
of head and nose, anterior portion of the scalp, ciliary muscle, and iris. 
I. Superior maxillary branch, sends brancbes to the sph en 0- palatine 
anglion, integument of the temple and lower eyelid, side of forehead, 
ose, cheek, and upper lip, teeth of the upper Jaw, and alveolar processes. 
. Infirior maxillary branch, which, after receiving in its course filaments 
from the small root and from the facial, is distributed to the submaxil- 
lary ganglion, the parotid and sublingual glands, external auditory 
meatus, mucous membrane of the muuth, anterior twu-lhirds of the tongue 
(lingual branch), gums, arches of ibe palate, teeth of the lower jaw 
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a// root passes forward beneitlh Ihe ganglion of Gasser, ihrough 
the forBinen ovale, and joins ihe inferiet maxillary division of the large 
root, which then divides into an anterior and posterior branch, the former 
of which is dislriboted to the muscles of masticatioo. viz. : temporal, nias- 
seter, internaL and external pterygoid muscles. 

Properties. — It is ibc most aculely sensitive nerve in the body, and 
endows all the parts lo which it is distributed wjib general sensibilily. 

Irnlalioti of the lar-gi root, or any of its branches, will give rise to 
marked evidence of pain; the variciiis forma of neuralgia of ihe head and 
face being occasioned by compression, disease, or exposure of some of its 
terminal branches. 

Divisian aS the lai^e root wllhia the craoium is follnweii at once hy a 
complete alioUtloa of all sensibility in the head andrLice,but is not attended 
by any loss of molioD. The integument, mucous membranes, and the eye 
may be lacerated, cut, or bruised without the animal exhibiting any evidence 
of pain. At the ^ame time the lacrimal secretion is diminished, the pupil 
becomes conlracled, the eyeball is protmded, and the sensibilily of ibe 
tongue is abolished. 

The reflei movements of deglutition are also somewhat impaired ; the 
impression of ibe food being unable lo [each and excite the nerve center io 
the medulla oblongata. 

C ahaitiiatiott of the small root produces movements oF the muscles of 
mastication ; siilion of the root caa.'ies paralysis of these muscles, and the 
jlw is drawn to the opposite side by the action of the opposing muscles. 

Influence of the Special Senses.-— After division of the large root 
within Ihe cranium, a disturbance in the nutrition of the special senses 
sooner or later manifests itself. 

Sight. — In the course uf twenly-four hours the tye becomea very vascular 
and inflamed, the cornea becomes opaque and ulcerates, the humors ore 
discharged, and the eye is totally dcsiroycd. 

Smtll.—The nasal mucous membrane swells up, becomes fungous, and 
is liable to bleed on the slightest irritation. The mucus is increased in 
amount, so as to obstruct Ibe nasal passages ; Ihe sense of smell is finally 
alKtlished. 

Hinting. — At times [he hearing is impaired from disorders of nutrition 
in the middle ear and eiternal auditory meatus. 

1 the nutrition of the special senses is nut marked if the sec- 
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lion is made posterior to ihe ganglioD of Gasser, and to Ihe anssloniosiiig 
lilamenU of ibe sympalhelic which join Ibe nerve at thi; point \ but if the 
ganglion be divided, these effects are ver; nolicesble, due <o tbe section of 
the sympathetic (ilaments. 

Function.— Gives senabitity lo all parts of the head and face (o which 
it is distributed ; through the small root endows the masticatory muscles 
with motion ; tbtODgh Itbers from the sympathetic ^ovems the nutrition of 
the special senses. 

7th Pair. Portio Dura. Facial Nerve. 

Apparent Origin. — From the groove between the olivary and lestifonn 
bodies at the lateral portion of tbe medulla oblongata and below ihe margin 
of the pons Varolii. 

Deep Origin. — From a nucleus of lar^c cells in Ihe floor of the 4lh 
Tentiicle, below the nucleus of origin of the 6th pair, with which it is 
connected. Some filaments are traceable to the lenticular nucleus of the 
opposite side. Some of the libera cross the median line and decussate. It 
is intimately associaleil uilh the nerve of Wrisberg at its origin. 

Distribution.^ From its origin the facial nerve passes into Ibe itilcmal 
auditory meatus, and then, in company with the nerve of Wrisberg, enters 
the aqueduct of Fallopius. Tbe blamenls of the nerve of Wrisberg are 
supplied with a ganglion, of a reddish color, having nerve cells. These 
lilamenis unite with those of the root of the facial to form a common 
trunk, which emerges at the stylomastoid foramen. 

In the aqueduct tbe facial gives off the following branches, viz.: — 
I- Largi pttrosal nfrve, which passes forward lo the sphtnopalaline, or 

Meckel's ganglion, and through this to the levator palali and az^os 

uvulse muscles, which receive motor influence from this source, 

2. Small petrosal ntnie, passing to the oik ganglion and thence to the 
tensortympani muscle, endowing it with motion. 

3. Tympanic iramA, giving motion to the stapedius muscle. 

4. Chorda tymfani nerve, which, after entering tbe posterior pan of tbe 
tympanic cavity, passes forward between the malleus and incus bones, 
through the Glaserian li.isure, and joins the lingual branch of the 5tb 
nerve. It is then distributed to the mucous membrane of the anterior 
two-thirds of the tongue and the submaxillary glands. 

After emerging from the stylomastoid foramen, the facial nerve sends 
branches 10 the muscles of the ear, the occipitofronlalis, the digastric, the 
palatogloGsi , and palatopharytigei \ after which it passes through the parotid 
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gland and divides inlo the temporofadal and (irvicofacial branches, whifh 
are dislributeii lo the superficial muscles of the face, vii. : oCCipilofroDlalis, 
corrugalOT supercilii, orbicularis palpebrarum, levator labii superloria el 
alieque nasi, buccinator, levator anguU oris, orbicolaiis oris, zygomatici, 
depressor auguli oris, platysnia myoides, etc. 

Properties. — Undoubtedly a motor nerve at ila origin, but in its comae 
receives sensitive filaments from the 51b pair and Ibe pneumogastric. 

Irritation of the nerve, after its emergence from the stylomastoid fora- 
men, produces convulsive movements in all the superiictal muscles of the 
face. Division of the nerve at this ptnnt Causes paralysis of these muscle! 
on the side of the section, conslituting ^^in/ /orn/i'iu, the phenomena pf 
which are a related and linmol»ie condition of the same side of the face ; 
the eyelids remain open, irom paralysis of tbe orbicularis palpebrarum ; 
the act of winking is abolished ; the angle of the mouth droops, and saliva 
constantly drains away ; the face is drawn over to the second side ; the face 
becomes distorted upon talking or laughing ; maslicalioo is interfered with, 
the food accumulating between tbe gunns and ctieek, from paralysis of tbe 
bnccioalor muscle ; fluids escape from the mouth io drinking ; articalation 
is impaired, tbe labial sounds being imperfectly pronounced. 

Froperties efthe Bran^hts gi'vin aff in Iht Aqueduct of FallopUis.—T\is 
largt ftlresal, when irritated, throws tbe levator palati and aiygos uvuIk 
muscles into contraction. Paralysis of this nerve, from deep-seated lesions, 
produces a ifWiiiiliBfi of tbe uvula to the sound side, a i/rai^rH^of the palate, 
and an inability to elevate it. 

The small pilrosal inRuences hearing by animating the tensor tympani 
muscle; when paralyzed, there occurs partial deafness and an increased 
■ensibility to sonorous impressions. 

The tympanitic branch animates tbe stapedius muscle and influences 
audition. 

The chorda tympani influences the circulation and tbe secretion of 
MllivB in the submaxillary glands, and goveruE the sense of (astc in the 
anterior two-thirds of the tongue. GabiaHitalion of the chorda tympani 
dilates the blood-vessels, increases the quantity and rapidity of the stream 
of blood, and increases the secretion of saliva. Division of tbe nerve is 
followed by contiaclion of the ve.'^sels, an arteslation of the secretion, etid 
a diminution of the sense of taste, on the same bide. 

Function. — ^The facial is the nerve of expression, and coordinates the 
muscles employed to delineate the various emotions, influences the sense 
of laslc. i>q;luiiIion, movemeots of the uvula and soft palate, the tension of 



the membrana tfmpani, sad Ibe iccretions of tbe submaxillar]' and parotid 
glands. Indirectly int^uences smell, hearing, and virion. 

' 8lb Pair. Porlio Mollis. Auditory Nerve. 

B Apparent Oriein.^From the upper and laleral portion of the medulla 

'oblongala, just below the margin of the pons Varolii. 

Deep Origin. — By two roots from the floor of the 4lh ventricle, each 
rodl consisliog of a number of gray lilamenis, some of which decussate in 
the mediao line ; tbe external root has a gangliform enlargement contain- 
ing rusiform nerve cells. 

Dislribution.^The two roots wind around the restiform bodies and 
enter the iiilernal auditory meatus, and divide into an anterior braot^h dis. 
Irihuted to the cochlea, and a posterior branch distributed to the vestibule 
and semicircular canals. 

Properties. — They are soft in consistence, grayish in color, consisting 
of axis cyUndcrs with a medullary sheath only; they are not sensible to 
ordinary impressions, but convey the imprtssion of sound. 

Function. — Governs the sense of hearing. Receives and conducts to 
the brain the impression of soand, which gives rise to the sensations of 
hearing. 

gth Pair. Glossopharyngeal. 
I Apparent Origin. — Partly from the medulla oblongata and the Inferior 
ipeduncles of the cerebellum. 

Deep Origin. — From the lower portion of the gray substance in the 
floor of the 4th ventricle. 

This nervebas two ganglia; \he jugular gatiglion includes only a portion 
of tbe root filaments; the ganglion of Andersch includes all the fibers of 
the trunk. 

Distribution.— The trunk of tbe nerve passes downward and forward, 
receiving near the ganglion of Andersch libers from the facial and pneu- 
mogastric nerves. It divides into two large branches, one of which is 
distributed to the base of the tongue, the other to the pharynx. In its 
course it sends filaments to the otic ganglion ; a tympanic branch which 
gives sensibility to the mucous mem>>rane uf the fenestra rotunda, fenestra 
oval is, and Eustachian tube; lingual branches to the base of the tongue ; 
palatal branches to the soft palate, uvula, and tonsils ; pharyngeal branches 
to tbe mucous membrane of the pharynx. 

Properties. — [rritalion of the roots at their origin calls forth evidences 
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■5 ibu of ibe triracial. Irritalion of Ibe tranli after its exit fram Ihe 
cranium produces conlraclion oi ihe muscles of the palate and pliaryiu, 
due Id [he presence of anastomosing motor (ilieis. 

Division of llie nerve abolishes sensibility in the Gtructurea to which it is 
distribatej and impairs the sense o( taste in the posterior third of the 
tongue (see Sense of Taste). 

Function. — Governs sensihiliiy of pbaryni, presides partly over the 

loth Pair. Pneumogaatric. Par Vagum. 
Apparent Origin. — From the lateral sideof the medullaoblongata, just 
behind the olivary body. 

Deep Origin. — In ihe gray nuclei in the lower half of the floor of the 
ventricle and in the substance of the restiform body. Some filaments 
■re traced along tbe restifonn tract, toward the cerebellum, and others to the 
median line of the floor of the 4lh ventricle, where many of them decussate. 
This nerve has two gangli*, one in tbe jugular foramen, calleiJ die gan- 
glion of the root, and another outside of the cranial cavity on the trunk, the 
ganglion of the trunk. 

Distributioa. — The filaments from the root unite to form a single trunk, 

vhich leaves the cavhy of the cranium, through the jugular foramen, in 

I company with the spiDsl accessory attd glossopharyngeal. It soon receives 

itaslomoHe branch from the spinal accessory, and afterward hranehes 

fitim tbe facial, the hyp^lossal, and the anterior branches of the two upper 

As the nerve passes down the neck it sends off the follouing main 

I. Pharyngeal nerves, which assist in forming the pharyngeal plexus, 
which is distributed to the mucous membrane and muscles of the pharynx. 

I. Superior laryngeal nerve, which enters the larynx through the thyro- 
hyoid membrane, and is distributed to the mucous membrane lining tbe 
interior of the larynx, and to the cricothyroid muscle and the inferior 
constrictor of the pharynx. The "■ depressor nerve," found in tbe rabbit, 
is formed by the union of two branches, one from tbe superior laryngeal, 
the other from tbe main trunk ; it passes downward to be diatribuled to 
the heart. 

]. Inferior laryngeal, which sends its ultimate branches to all the inlrinilc 
muscles of ibe larynx except the cricothyroid, and to tbe jofcrior con- 
itriclor ot the pharynx. 
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fc Cardiac branches given off from the nerve Ibrouglioul its course, which 
H^ite with ihe sympathetic fibers lo form Ibe cardiac plexus, to be dia- 

tributed to the heart. 
5. Pulmonary branches, which form a jilexus of nerves and are distributed 

to the bronchi and their uilimate lerminalions, ihc lobules and air cells. 

Frotn the right pneun:ic^astric nerve branches are distributed lo the 
loucous membrane and muscular coats of the stomach and intestines, to the 
liver, spleen, kidneys, and suprarenal capsules. 

ProperticH. — At its origin tbe pneumir^astric nerve is sensory, as shown 
by direct irtilalion or gnlvanizalioD, though its sensibility is not very 
marked. In its course it exhibits motor properties, from anastomosis with 

The pharyngeal branches assist in giving sensibility to the mucous 
membrane of the pharynx, and influence reflex phenomena of deglutition 
through motor fibers which they contain, derived from the spinal accessory. 

The iuptrier laryngeal nerve endows the upper portion of the Inrjnx 
with sensibility ; protects it from the entrance of foreign bodies ; by coo- 
ducting impressions to the medulla, excites the leSex movements of deglu- 
tition and respiralion ; through the motor filaments it contains produces 
txontraclion of the cricothyroid muscle. 

Division of the "depressor nerve" and galvanita/ion of the central 
end retard and even arrest the pulsations of the heart, and by depressing 
the vasomotor center diminish the pressure of blood in the large vessels, by 
causing dilatation of the intestinal vessels through the splanchnic nerves. 

The inferior laryngeal contains, for the most part, motor fibers from 
the spinal accessory. When irriVvii',!'!/, produces movement in the laryn- 
geal muscles. When divided, is followed by paralysis of these muscles, 
except [he cricothyroid, impairment of pbonalion, and an emharro-^smenl 
of the respiratory movements of the laiynx, and, finally, death Irom suflb- 

The cardiac branches, through filaments derived fi-om Ihe spinal acces- 
sory, exert a direct inhibitory action upon the heart. Division of the 
pnenmogastrics in the neck increases Ihe frequency of the heart's action. 
Calraniialicn of the peripheral ends diminishes the heart's pulsation, and, 
if sufficiently powerful, paralyzes it in diastole. 

The pulmonary branches give sensibility to the bronchial mucous 
membrane and govern the movements of respiration. Division of l>oth 
pneuDiogastrics in the neck diminishes the frequency of the respiratory 
movements, falling as low as four 10 six per minute; death usually occurs 
in from live to eight days. Feeble galvanitalion of the centra! ends of the 



I divided nerves accelerates respiration ; fiowtrful enlvaitizatioH retards, 

I and maj even arrest, the lespiratory movemenls. 

I The gastric bianckfs give sensibility to Ihe mucous coat, and tbrongh 

^^^^^ sympalhetic filaments, which joio the pneuraogasirics high up \a the nick, 
^^^^1 give motion to the muscular coat of Ihe stomach. They influence tbe 
^^^^p KcrelioQ of gastric juice, aid the process of digestion and absorption from 
^^^^ Ihe Momach. 

The hepatic branches, probably through anastomosing sympathetic fila- 
ments, influence the secretioo of bile and the j^Iycogenic faticlion of the 
liver; division of the pneumogastrics in the neck produces congestion of 
the Uver, diminishes the density of the bile, and arrests the glycogenic 
function ; galvanizalioH of the central ends exaggerates the glycogenic 
function and makes the animal diabetic, 
I The iWMflBo/i™Bf-i« give sensibility and motion to Ihe smill inles- 

I tines, and when divided, purgatives generally fail to produce purgation. 



:ion. — A great sensitive nerve, which, through a 
ments from motor sonrces, influences deglntition, the action of Ihe heart, 
tculalory and respiratory systems, voice, the secretions of the stomach, 
Intestines, and various glandular organs. 

nth Pair. Spinal Accessory. 
Apparent Origin.— By two sets of filaments ; — 

A bulbar or medullary set, four or five in number, from the lateral ot 
motor tract of the lower half of tbe medulla oblongata, below the origin 
of the pneumogastric. 

A spinal set, from six to eight in number, from llie lateral portion of the 
spinal cord, between the anterior and posterior roots of the upper fou 



Deep.Origin. — The mcdullnry potlion arises in a nucleus in the lower 
half of the floor of the 4th ventricle, common la the pneumc^astric ■ 
glossopharyngeal nerves. "X^K spinal portion has its origin in an elongated 
nucleus lying along Ihe eileinal surface of the anterior Comua of (he spinal 
cord, extending down to the 5tb cervical vertebra. 

Distribution. — From this origin Ihe fibers unite to form a main trunk, 
which enters the Cranial cavity through Ihe foramen magnum, where it is 
at limes Joined by fibers from ihc posterior roots of Ihe two upper Cervical 
nerves, and sends filanienls to the ganglion of Ihe root of the pneomo' 
gastric. After emer^ng from ihe cranial cavily through the jugular fora. 
men, it sends a branch to Ihe pneuDio(;astric and receives others in return, 
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the 2d, 3d, and 41b cervical neiTCS. It divides into two 

medulla oblongata, and is distributed to the mUE^cles of 
)ugh the pharyngeal nerves coming from the pneumo- 
^B- gastric ; ID all llie muscles of tbe larynx, except the cricothyroid, ihtougb 

iite infirior laryngtal oene; to the heart, by filaments which reach it 

through the pneumogastric ner*e. 
3. An eilemal branih, which is distributed to the slerDocleidomastoid and 

trapezius muscles ; these itiuscles also receiving filaments frorn the cer- 
vical nerves. 

Properties. — At its origin it is a purely molor nerve, but in its course 
exhibits some sensibility from anastomQ^g fibers. 

DistTuclioH al the midullary rant, by tearing it from its attachment by 
means of forceps, impairs the action of the muscles of deglatilion and 
deslroys the power of producing vocal sounds by paralysis of the laryngeal 
muscles, wlllioul, however, interfering with the res[»ratary movements of 
the latynit, these being controlled by other molor nerves. Tbe normal 
rate of movement of the heart is also impaired by destruction of the medul- 
I.,; root 

Irritalisn of the external branch throws the trapciius and stcrnomastoid 
muscles into convulsive movements, though siilion of tbe nerve does not 
produce complete paralysis, as they are also supplied with motor influence 
from the cervical nerves. The stemamastoLd and trapezius muscles per- 
form movements aniagonisiic to those of respiration, fixing the head, neck, 
and upper part of the thorax, and delaying the expiratory movement during 
the acts of pushing, pulling, straining, etc. , and in the production of a pro- 
longed vocal sound, as in singing. When the ixUrnsl branch alone is 
divided, in animals, they experience shortness of breath during exercise, 
from a want of coordination of the muscles of the limbs and respiration ; 
and while they can make a vocal sound, it cannot be pruloQged. 

Function. — Governs phonalion by its influence upon the vocal movc- 
menUof the glollis; inSuences the movemenU of deglutition, inhibits the 

(srith sustained or prolonged muscular efforts and phonation. 
^ I2th Pair. Hypoglossal or Sublingual. 

Apparent Origin.^By two groups of filaments from the medulla ob- 
longata, in the grooves between the oli-vary body and tbe anterior pyramid. 
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Deep Origin. — From lie hypoglossal nucleus sUuated deeply in the 
Eubslancc pf ihe medulla, on B level with the lowest portion of the floor of 
the 4th venlricle ; some decussating filaments hare been traced to a higher 
encephalic center. 

Distribution.— The trunk formed byaunion of the rool filament passes 
onl of the cranial cavity through Ihe anterior condyloid foramen, occa- 
Eionally receiving a iilament from the lateral and posterior portion of the 
medulla oblongata. After emerging from the Cranium, it sends filaments 
lo the sympathetic and pneumogastric ; 11 anastomoses with the lingual 
branch of the 5th pair, and receives and sends filaments to the upper cei- 
rical nerva. The nerve is finally distributed to the sternohyoid, Etetno- 
thyroid, omohyoid, thyrohyoid, styloglossi, hyoglossi, geniohyoid, geniohyo- 
glossi, and the intrinsic muscles of the tongue. 

Properties. — A purely mo/or aerve at its origin, but derives sensibility 
outside the cranial cavity from anastomosis with the cervical, pneumc^os- 

frri/a/ian ot the nerve gives rise to convulsive movements of the tongue 
and slight evidences of sensibility. 

if the nerve abolishes all movements of the tongue and ititer- 
fiires considerably with ihe act of deglutition. 

n the hypoglossal nerve is involved in hemiplegia, the lip of the 

is directed to the paralyzed side when the tongue is protruded, due 

the unopposed action of the genioJiyoglossos on Ihe sound side. 

ArtitulalioH is considerably impaired in paralysis of this nerve, great 

difficully being experienced in the pronunciation of the consonantal sounds. 

MaslicaliaH is performed with difficulty, from inaliillly to retain Ihe food 

between the teeth tinlil it is completely triturated. 

Function. ^Governs all the movements of the tongue and influences 
the functions of mastication, deglutition, and articulate language. 



MEDULLA OBLONGATA. 
The Medulla Oblongata is the expanded portion of the upper part 01 
the spinal cord. It is pyramidal in form and measures one and a halt 
inches in length, three-quaners of an inch in breadth, half an inch in 
thickness, and is dividc<i into two lateral halves by Ihe anterior and pos- 
terior median Assures, which are continuous with those of the cord. Each 
9 subdivided by minor grooves into four columns, vii. : aultnur 




framiii, lateral tract and olivary tody, rati/arm ioJy, and post 

mfyramid. 

1 I. Tbe anterior pyramid is composed partly of fibers continuous with those 
of the aoteiior column of the spinal cord, but mainly of fibers derived 
from the latcrol tract of the opposite side liy decuisalion. The onited 
filers then pass upward through the pons Varolii aud crura cerebri, and 
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a. The lateral tract is continuous with the lateral columns of the cord ; 
its (ibera in passing upward take three directions, viz. : an eitemal bun- 
dle joins the resliform body, and passes into the cerebellum ; an internal 
bundle decussates at the median line and joins tbe opposite anterior pyra- 
mid ; a middle bundle ascends beneath the olivary body, liehind the 
pons, to [he cerebrum, as ^tfasciiuha tens. Tat olivary body of each 
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^^^^F Nde 19 an oval mass, situated between the anlenar pyramid and restirarm 
^^^H body ; it is composed of wbite ma.Ite[ extei^ally and gray matter ioter- 
^^^^B nally, forming the corpus dmlaluta. 

^^^K 3. The nstiprm bcdy, continuous with Ibe posterioi column of the cord, 

^^^^1 also receives libers from the tsteral column. As the rcsliform bodies 

^^^^P pass upward Ihey diverge and form a space, the 4lh ventricle, the floor 

^^^* of wbich is formed by gray matter, and then turn backward and enter 

the cerebellum. 

4. The poslftior pyramid is a narrow, white cord bordering Ihe posterior 

median fissure ; it is continued upward, in connection with \\\e faniadus 

teres, to the cerebrum. 

The Gray Matter of the medulla is continuous with that of the cord. 
It is arranged with much les.<i regularity, becoming blended with the white 
matter of Ibe dillercnt columns, with Ibe exception of the anterior. By the 
separation of the posterior columns, llie transverse commissure is exposed, 
forming pari of the floor of Ibe 4th ventricle ; special collections of gray 
matter are found in the posterior porlions of the medulla, connected with 
the roots of origin of diffetenl cranial nerves. 

Properties and Functions.— The medulla is excitable anteriorly and 
' sensitive posteriorly to direct irtitalion. It serves— 

I. As a conductor of sensitive impressions upward from the cord, through 

the gray matter to I lie cerebrum. 
a. As a conductor of volunUry impulses from Ihe brain to the s[doal cord 

and nerves, through its anterior pyramids. 
3. As a conductor of coordinating impulses from the cerebellum, through 
the reslifonn bodies to the spinal cord. 

As an Independent Reflex Center. — The medulla oblongata con- 
tains special collections of gray matter, which constitute independent nerve 
cenlers which preside over diflerent functions, some of which are as fol- 

I. A center which controls the movements of maslUalion, through nlTerent 

■nd effetetit nerves. (See page 8z,) 
a. A center reflecting impressions which influence the teirelion of saliiia. 

(See page S6.) 
3. A center for sucking, maslicn/ioit, and dtglulition, whence are derived 

motor simuli exciting to action and coordinating the muscles of the palale, 

pharynx, and esophagus, necessary for the swallowing of Ihe food. The 
of saliva is also controlled by a center in the medulla. 
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id and 3d Slagt!. 
f Palatal branch of Ihe 5lh pair. 
J Pbsrpigeal bmoches of the ^^losso-pharyngeal. 
! Superior laryngeal brjnches of the pneumogaBtric. 
[ Esophageal branches of the pneumogastric, 
f Pharyngeal branches of the pncumogasliic, derii 

from Ibe spinal accessory. 
J Hypoglossal and branches aflhe cervical plexus. 
I Inferior or recurrent laryngeal. 

Motor filaments of the 3d division of the 51h pair. 
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which coordinates the muscles coi 

nent of articulation through ibe I 
the 2d division of the 5th pair. 

A center for the barmonizBtion of muscles concerned in cxpradun, 
reflecting its impulses through the facial aerve. 

A cardiac cttiltr, which exerts (I) an accelerating influence over the 
heart's pnlsations through accelerating nerve fibers emerging frtHn the 
cervical portion of Ihe cord, entering the inferior cervical ganglion, and 
Ibence passing to the heart ; (2) sn inii^fV^r)' or retarding in Huence upon 
ibe aclion of the heart, through fibers of the spinal accessory nerve run- 
ning in the trunk of the pneumogastric. The carilio-inhibiiory ccnler is 

heart nhich exert an inhibitory iailuence upon its action. It may he 
stimulated directly by anemia as well as venous hyperemia of Ihe blood- 
vessels of the meilulla and increased venosily of tbe blood. It is excited 
rellexly by the slimulalion of the central end of the vagus, sciatic, and 
splanchnic nerves. 
8, A vasomolor culler, which, by alternately contracting and dilating the 
blood-vessels through nerves dislributed in their walls, regulates the 
q.iantity of blood distributed lo an organ or tissue, and thus injiuencea 
nutrition, secretion, and calorification. The vasomotor center is situated 
in the medulla oblongata and pons Varolii, between the corf era guadri- 
gtmina and the calamus scriptorius. The vasomolor fibers having their 
origin in this center descend through the interior of the cord, emerge 
through tbe anterior roots of spinal nerves, enter the ganglia of the sym- 
pathetic, and thence pass to the walls of the blood-vessels, and maintain 
Vae arterial tonus ; they may be divided into two classes, vi:.: vase- 
dilators, e. g,, chorda lympani, and vasoctmstrictois, e.g., sympathetic 
fibers. 
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Diviiion of the cord at the lower border of Ihe medulla is followed by a 
dilatation of the entire vascular system and a marked fall of the blood pres- 
sure. Galvanic slimulalien of Ibe divided surface of the cord is followed 
by a contraction of the blood vessels and a tiae in the blood pressure. 

The vawimolor center is stimulated direclly by the condition of Ibe 
blood in the medulla oblongata. When it 13 highly venous it becomes veiy 
active and the blood-vessels throughout the body are contracted and tbe 
blood curreDl becomes swifter; sudden anemia of the medulla has a. similar 
effect. This center may be increased in action, with attendant rise of blood 
pressure, by irritation of certain afferent nerve fibers. These are known 
as pressor fibers. On the o\ber baud, its action may be depressed by 
other afferent fibers with aiiendant fall of blood pressure. These are 
known as depressor fibers. 

9. A diabelU eenler, irritation of which cau'es an increase in the amount 
of urine secreted and the appearance of a considerable quantity of sugar. 

10. Jiesfiralory ceniir, situated near the origin of the pneumogastric 
nerves, presides over the movements of respiration and its modili cations, 
laughing, singing, sobbing, sneeiing, etc. It may be excited r/fitily by 
the presence of carbonic acid in the tungs irritating ibe terminal paetimo- 
gastric filaments ; or aulomalically, according to the character of the 
blood circulating ihroagh it ; an excess of carbonic acid or a diminution 
of oxygen increasing the number of respiratory movements; a reverse 
condition diminishing the respiratory movements. 

11. A spasm tenler, stimulation of which gives rise to convulsive phe- 
nomena, such as coughing, sneedng, etc, 

II. A eeatrr far eerlain eiular fuHitXBHS, governing the closure of the 
eyelids and dilatation of the pupil. 
I 13. A sweat eenler is also localiied in the medulla. 
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■ PulnJonary branches of the pneumogaatric. 
Snpetior laryngeal, 
Tiifaciat, or 5lh pair. 
Nerves of general sensibility. 
Sympathetic nerve. 

Phrenic, distributed lo the diaphragm. 
Intercostal!, distributed 10 the Intercostal muscles. 
Facial nerve, or poniu dura, lo the facial muscles. 
Eiicrnnl hranch of spinal accessory, lo the irapeiiu* 
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PONS VAROLII. 

The Pons Varolii uniles together the cerebrum above, the cerebellum 
behind, and the medulla oblongata below. It consists of transverse and 
longitudinal fibers, amidst which are irregularly scattered collections of gray 
or vesicular nervous matter. 

The transverse fibers unite the two lateral halves of the cerebellum. 

The longitudinal fibers are continuous — 

1. With the anterior pyramids of the medulla oblongata, which, interlacing 
with the deep layers of the transverse fibers, ascend to the crura cerebri, 
forming their superficial or fasciculated portions. 

2. With fibers derived from the olivary fasciculus, some of which pass to 
the tubercula quadrigemina, while others, uniting with fibers from the 
lateral and posterior columns of the medulla, ascend in the deep or 
posterior portions of the* crura cerebri. 

Properties and Functions. — The superficial portion is insensible and 
inexcitable to direct irritation ; the deeper portion appears to be excitable^ 
consisting of descending motor fibers; the posterior portions are j^Mjf^/<p 
but inexcitable to irritation. 

Transmits motor impulses and sensory impressions from and to the 
cerebrum. 

The gray ganglionic matter consists of centers which convert impressions 
into conscious sensations and originate motor impulses, these taking place 
independent of any intellectual process ; they are the seat of instinctive 
reflex acts, the centers which assist in the coordination of the automatic 
movements of station and progression. 



CRURA CEREBRI. 

The Crura Cerebri are largely composed of the longitudinal fibers of 
the pons (anterior pyramids, fasciculi teretes) ; after emerging from the pons 
they increase in size, and become separated into two portions by a layer of 
dark gray matter, the locus niger. 

The superficial portion, the crusta^ composed of the anterior pyramids, 
constitutes the motor tracts which terminates, for the most part, in the cor- 
pus striatum J but to some extent, also, in the cerebrum ; the deep portion^ 
made up of the fasciculi teretes and posterior pyramids and accessory fibers 
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CORPORA QUADRIGEMINA. 

irpora QQadrigemina are Tour small, rounded eminences, Iwo 
on each side of Ihe median line, silnated immediately behind the 3d 
ventricle, and beneath the posterior border of tbe corpus callosum. 

The antirxor lubercles arc oblong from before bacliwar<l , and la^ei than 
lie /fii'm'sr, which are hemisjiherical in shape; they are grajish in color, 
:iut consist of white matter exienially and gray matter internally. 

Both the aotetLor and posterior tubercles are connected with the opiic 
thalomi by commissural bands named [he anltrior and foiltrior brachia, 
respectively. They receive libers from the olivary fasciculus and Sbeis 
from the cerebellum, which pass upward to enter ibe optic Ihalami. 

The i0rporo giniculala are situated, one on tbe inner side and one On 
the outer side of each optic tract, behind a 
and from their position are named the 
ixtirna ; they give origin to fibers of the 

Functions. — The Tiibrrcuin qaadrigi 
sight, translating the luminous impression; 

tion of these tubercles is immediately followed by a loss of the 
sight ; moreover, their action in vision is crossed, o' 
of tbe optic tracts, so that if Ihe tubercle of Ihe right side be destroyed by 
disease or exiirpaled, in a pigeon, the sight is lost in Ihe eye of the op|Mi- 
■ite side, and the iris loses ils mobility. 

The tubercula quadrigctnina as nerve centers preside over the nfteit 
movements which cause a dilatation or contraction of ihe iris, inicalioa of 
the tubercles causing contiaclioii, destruction causing dilatation. Removal 
of Ihe tubercles on one side produces a temporary loss of power of the 
opposite side of the body, and a tenilency to move around an axis is mani- 
fested, as after a section of one cms cerebri, which, however, may be due 
la giddiness and loss of sight, 
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They also assist in the coordination of the complex movements of the 
eye, and regulate the movements of the iris during the movements of 
accommodation for distance. 



CORPORA STRIATA AND OPTIC THALAMI. 

The Corpora Striata are two large ovoid collections of gray matter, 
situated at the base of the cerebrum, the larger portions of which are 
imbedded in the white matter, the smaller portions projecting into the 
anterior part of the lateral ventricle. Each striated body is divided, by a 
narrow band of white matter, into two portions, viz. : — 

1. The caudate nucleus^ the intraventricular portion, which is conical 
in shape, having its apex directed backward, as a narrow, tail-like process. 

2. The lenticular nucleus^ imbedded in the white matter, and for the 
most part external to the ventricle ; on the outer side of the lenticular 
nucleus is found a narrow band of white matter, the external capsule ; and 
between it and the convolutions of the' island of Reil a thin band of gray 
matter, the claustrum ; the corpora striata are grayish in'color, and when 
divided present transverse striations, from the intermingling of white 
fibers and gray cells. 

The Optic Thalami are two oblong masses situated in the ventricles 
posterior to the corpora striata, and resting upon the posterior portion of the 
crura cerebri. The internal surface projecting into the lateral ventricles is 
white, but the interior is grayish, from a commingling of both white fibers 
and gray cells. Separating the lenticular nucleus from the caudate nucleus 
and the optic thalamus is a band of white tissue, the internal capsule. 

The internal capsule is a narrow, bent tract of white matter, and is, for 
the most part, an expansion of the motor tract of the crura cerebri. It 
consists of two segments, an anterior ^ situated between the caudate nucleus 
and the anterior surface of the lenticular nucleus, and a posterior^ situated 
between the optic thalamus and the posterior surface of the lenticular 
nucleus. These two segments unite at an obtuse angle, which is directed 
toward the median line. Pathologic observation has shown that the nerve 
fibers of the direct and crossed pyramidal tracts can be traced upward 
through the anterior two-thirds of the posterior segment into the centrum 
ovale, where, for the most part, they are lost ; a portion, however, remain- 
ing united, ascend higher and terminate in the paracentral lobule, the 
superior extremity of the ascending frontal and parietal convolutions. 
The sensory tract can be traced upward, through the posterior third, into 
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^^^^ Functions, — Tbe cotfora striata are the centers in wbicb terminate 
^^^^ lome of Ihe fibers of the superficial or mttor tract of the crura cerebri; 
^^^^L others pass upward through tbe intrrnal capsuU, to be distributed lo the 
^^^^f- .cerebrum. It might be inferred, from their anal omical relatiouE, that tbey 
^^^™ are motor centers, IirilatioH by ■ weak galvanic curfenl produces mus- 
cular roovementa of the opposite side of the body ; dtslnicli/in of tbeir 
substance by a hemorrhage, es io apoplexy, is followed hy a paralysis of 
motion of the opposite side of the body, but there is no loss of sensatioQ. 
When the hemorrhagic destruction involves the fibers of tbe anterior two- 
Ihirds of the posterior segment of the internal capsule, and thus separates 
[hem from their trophic centers in tbe cortical motor region, a descending 
degeneration is established, which involves the direct pyramidal tract of the 
same side and the crossed pyramidal tract of the opposite side. 

Dfstruclion of the posterior one-third of ibe posterior segment of the 
I internal capsule is followed by a loss of sensation on tbe opposite ^de of 

the body and a loss of the senses of smell and vision on the same side 
(Charcot). The precise funclion of tbe corpora striata is unknown, but 
they are in some way connected with motton. 

The oplu thalami receives the fibers of the Itgmintum, tbe posterior por- 
tion of ibe crura cerebri. They are insensible and inexcitable to direct 
irritation. Removal of one optic thalamus, or destruction of its substance by 
disease or hemorrhage, is followed by a loss of sensibility of the opposite 
side of the body, but there is no loss of motion; their precise function is 
some way connected with ansalion. In both cases 
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CEREBELLUM. 

The Cerebellum is situated in the inferior fossa of the occipital bone, 

I beneath the posteiior lobes of the cerebrum. Il attains its maximum 

reighl, which is alwul five ois., between the twcniy-fifth and fortieth 

I years, the proportion between the cerebellum and cerebrum being I to 8J. 

It is comimsed of two lateral htacisfkerts and a central elongated lobe, 

.he vermiform proctss ; the two hemiapberesare connected with each other 

by ibe fibers of the miildU piduncU forming the Wperficial portion of the 

pons Varolii. It is brought into conneciinn with the mniulla Mangnla 

and spinal cord through the prolongation of the resli/arm bodies; with 

cerebrum, by fibers passing upward beneath the corpora qoadrigemina 
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and the optic thalami, and then forming part of the diverging cerebral 
fibers. 

Structure. — It is composed of both white and gray matter, the former 
being internal, the latter external, and convoluted, for economy of space. 

The White matter consists of a central stem, the interior of which is a 
dentated capsule of gray matter, the corpus dentatum. From the external 
surface of the stem of white matter processes are given off, forming the 
lamina, which are covered with gray matter. 

The Gray matter is convoluted and covers externally the laminated pro- 
cesses; a vertical section through the gray matter reveals the following 
structures : — 

1. % delicate connective tissue Azy^r, just beneath the pia mater, containing 
rounded corpuscles, and branching fibers passing toward the external 
surface. 

2. The cells of Purkinje, forming a layer of large, nucleated, branched 
nerve cells sending off processes to the external layer. 

3. A granular layer of small but numerous corpuscles. 

4. Nerve fiber layer, formed by a portion of the white matter. 

Properties and Functions. — Irritation of the cerebellum is not fol- 
lowed by any evidences either of pain or convulsive movements; it is, 
therefore, insensible and inexcUable, 

Coordination of Movenients. — Removal of the superficial portions 
of the cerebellum in pigeons produces feebleness and want of harmony in 
the muscular movements ; as successive slices are removed, the movements 
become more irregular, and the pigeon becomes restless; when the last 
portions are removed, all power oi flying, walking, standing, etc., is en- 
tirely gone, and the equilibrium cannot be maintained, the power of coor- 
dinating muscular movements being entirely gone. The same results have 
been obtained by operating on all classes of animals. 

The following symptoms were noticed by Wagner, after removing the 
whole or a large part of the cerebellum : — 

1. A tendency on the part of the animal to throw itself on one side, and to 
extend the legs as far as possible. 

2. Torsion of the head on the neck. 

3. Trembling of the muscles of the body, which was general. 

4. Vomiting and occasionally liquid evacuations. 

Forced Movements. — Division of one crus cerebelli causes the animal 
to fall on one side and roll rapidly on its longitudinal axis. According to 
Schiff, if the peduncle be divided from behind, the animal falls on the same 
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; as tbe injuiy ; if tbe section be made in front, the animat [ama to the 
opposite side, 

Disiasi of tbe cerebellum partiallj corroborates the result of experi- 

Dls; in tuany cases symptoms of unsteadiness of gait, from a -aiani of 
CBBrdinalion, have beeo noticed. 

Comparativt analomy reveals a remarkable conespondfoce between the 
development of the cerebellum and the complexity of muscular actions. 
It attains a much greater development, relatively to the rest of the biaiti, in 
those animals whose movements are very complex and varied in character, 
IDcb as the kangaroo, shark, and swallow, 

Tbe cerehellum may possibly exert some influence over the sexosl func- 
tion, but physiologic and pathologic facts are opposed to the idea of its 
being the seat of the sexual Instinct. It appears to be simply a center for 
tbe coordination and equilibiatloo of muscular movements. 



CEREBRUM. 

The Cerebrum is the largest portion of the encephalic mass, Constitut- 
ing about four-firths of lis weiEbt; the average weight In the adalt mate is 
from 48 to 50 ounces, or about three pounds, while in the adult femaJe it is 
about five ounces less. After the age of forty the weight of ihe cerebrum 
gradually diminishes at the rate of one ounce every ten years. In Idiots 
the brain weight is often below the normal, at limes not amounting lo more 
than 20 ounces. 

The Blood Supply to the cerebrum is unusually large, considering its 
comparative bulk, nearly ont-Ji/lh of the entire volume of blood being dit- 
tribuled to it by the carolid and vertebral arteries. These vessels anasto- 
mose so freely, and are so arranged within the Cavity of the cranium, that 
an obstruction in one vessel will not interfere with the regular supply of 
blood to the parts to which its branches are distributed. A diminished 
smounl. or complete cessation, of the supply of blood is at once fallowed 
by 3 suspension of its functional activity. 

The cerebrum is connected with tbe pons Varolii and medulla oblongata 
through the crura cerebri, and with Ihe cerebellum through the superior 
peduncles. It is divided Into two lateral halves, or hemispheres, by the 
longitudinal fissure running from before backward in the median line ; each 
hemisphere is composed of both wliili and gray matter, the former lieiog 
internal, the latter external; it covers the surfaces of the hemisphere which 
are infolded, forming convolutions, for economy of space. 




fTiaavrea. 

;■ Thejiimrt ef Sylvius is one of Lhe most importanl ; it is the first t( 
appear in the development ol the fetal brain, being visible at about the 
third month ; in the adult it is quite deep and well marked, running from 
the under surface of the brain upward, outward, and backward, and forms 
a boundary Ijclween the frontal and teniporoaphenoidal lobes. 
Z. The Jissure of Rolands is second in importance, and runs from a point 
on lhe convexity near the median line IraDsversely outward and down- 
ward toward the fissure of Sylvius, but does not enter it. It separates 
the frontal from the parietal lobe. 
3. The parietal fissure, arising a short distance behind the fissure of Ro- 
lando, upon the convexity of t)ie hemisphere, runs downward and back- 
ward to its posterior extremity. 
— 4. The parielo-occipilat fissuri, separating the occipital from the parietal 
^_ lobes. Beginning upon the outer surface of the cerebrum, it is continued 
^1 OD the mesial aspect dowDwaril and forward until it terminates in the 
P calearine fissure. 

5. The callosomarginal fissure lying apon lhe mesial snrface, where it runs 
parallel with the corpus callosiirn. 

Secondary fissures of importance are found in different lobes of the 
cerebrum, separating the various convolutions. In the anterior lobe are 
found the prectntral, suptrior fronla!,aai. in/trhr fratilal fmates; in 
the temporosphcnoidal lobes are found the first and sticnd temporc- 
sfhtfiiiiJa! fissuris! io the occipital lobe, the calearine and hippoeampal 
fissures. 

Convolutions. Frontal lobe. 

The asceniiing frontal eonvolulicti. situated in front of the fissure of 
Rolando, inns downward and forward ; it is continuous above with the 
anterior frontal, and beluw with the inferior frontal convolution. 

The supenor frontal convaluHott ia bounded inlcmally by the longitu- 
dinal fissure, and externally by the superior frontal Gssure ; it is connected 
with the superior end of the ftontal convolution, and runs downward and 
forward to the anterior eitremily of the frontal lobe, where it turns back- 
ward, and rests upon the orbital plate of the frontal bone. 

The middle frontal lenvoluthn, Ibe largest of the three, runs from be- 
hind forward, along the sides of the lobe, to its anterior part; it is 
bounded above by the superior and below by the inferior frontal fissures. 
The inftriar frontal eanvoliitioa winds around the ascending branch of 
of Sylvius, in the anterior and inferior portion of the cerebrum. 
I PariEtal Lobe.— The ascending parietal esHVolution is situated just 



beliind the figure of Rolando, running downward and forward ; above, ii 
becomes conliouous with (he upper parielal conrolulion, snd below, wind! 
around 10 be united with the ascending frontal. 
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The supramarginal convolution winds around the superior extremity of 
the fissure of Sylvius. 

The angular convolution^ a continuation of the preceding, follows the 
parietal fissure to its posterior extremity, and then makes a sharp angle 
downward and forward. 

Temporosphenoidal Lobe. — Contains three well-marked convolu- 
tions, the superior^ middle^ and inferior ^ separated by well-defined fissures, 
and continuous posteriorly with the convolutions of the parietal lobe. 

The Occipital Lobe lies behind the parieto- occipital fissure, and con- 
tains the superiory middUy and inferior convolutions, not well marked. 

The central lobe^ or island of Reil^ situated at the bifurcation of the 
fissure of Sylvius, is a triangular-shaped cluster of six convolutions, the 
gyri opertiy which are connected with those of the frontal, parietal, and 
temporosphenoidal lobes. 

Upon the inner or mesial aspect of the hemisphere are found (Fig. 1 6) — 

1 . The paracentral lobule^ lying in the region of the upper extremity of 
the fissure of Rolando ; it contains the large giant cells of Betz. Injury 
to this convolution is followed by degeneration of the motor tract. 

2. The gyrus fornicatus, lying below the callosomarginal fissure. Run- 
ning parallel with the corpus callosum, it terminates at its posterior 
border in the hippocampal gyrus. 

3. The gyrus hippocampus (H) is formed by the union of the preceding 
convolution with the occipitotemporal. It runs forward and terminates 
in a hooked extremity — uncus. 

4. The quadrate lobule or precuneus lies between the upper extremity of 
the callosomarginal Bssure and the parieto-occipital. 

5. The cuneus lies posteriorly to the quadrate lobule. It is a wedge- 
shaped mass enclosed by the calcarine and parieto-occipital fissures. 

Structure. — T\m& gray matter oi the cerebrum, about one-eighth of an 
inch thick, is composed of five layers of nerve cells: — 

1. A superficial layer, containing a few small multipolar ganglion cells. 

2. Small ganglion cells, pyramidal in shape. 

3. A layer of large pyramidal ganglion cells with processes running of! 
superiorly and laterally. 

4. The granular formation containing nerve cells. 

5. Spindle-shaped and branching nerve cells of a moderate size. 
The white matter consists of three distinct sets of fibers : — 

I. The diverging or peduncular fibers are mainly derived from the columns 
of the cord and medulla oblongata ; passing upward through the crura 
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Functions. — The cerebral hemispheres are the centers of the nervous 
■plem through which kre manifested all the phenomena of the mind ; Ihey 
■re the centers in which impressions are registered, and reproduced subse- 
quently as itieaa 1 ihcy are the seal of iiilelligence, reason, and will. 

Eowever important a Center the cerebrum may be for Ibe exhibition of 
highest form of nervous aciion, ii is not directly essential for the eon- 



tinnance of life, for il does not exert any control over those HUtoiiiBtic reflex 
acts, such HE tespiralioD, circulation, etc., which regulate the functioos of 
organic life. 
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From the study of coraparBtive inatomy, patholc^y, ' 

has been obtained which throws some light upon the phyauli^ 

of the cerebml hemj^pheies. 

I. Comparaiivt analomy shows that there is a general connection between 
the site of the brain, its texture, tbe depth and number of congolutioDS, 
and the enhibition of menial power. Tliroughout Ihe entire animal 
series, Ihc increase in intelligence goes hand in hand with sn increase in 
the development of the brain. In niui there is an enormous increase in 
size arer that of the highest animals, tbe anthropoids. The most culti- 
vated races of men have the greatest cranial capacity ; thai of the edn- 
cated European being about 1 15 cubic inches, that of the Australian 
being about 6o Cubic inches, a difference of 56 cubic inches. Men dis- 
tinguished for great mental power usually have large and well-developEd 
brains; that of Cuvier weighed 64OZS. ; that of Aberciombic 63 nzi. { 
the average being about 4S to 50 oss. ; not only the siie, but, above all, 
(he texture, of the brain must be taken into consideialion. 

z. Pathology. — Any severe injury or disease disorganizing the hemispheres 
is at once attended by a disturbance, or entire suspension, of menial 
aclivlty, A blow on the head, producing concussion, or undue pressure 
from cerebral hemorrhage, destroys conE^iousness ; physical and chemical 
alterations in ihe gray matter hsve been shown to ctwxist with insanity, 
loss of memory, speech, etc. Congenital defects of oi^aniiation from 
imperfect development arc usually accompanied by a corresponding de- 
ficiency of intellectual power and the higher instincts. Under these 
circumstances no great advance in mental development can be possible, 
and tbe intelligence remains at a low grade. In congenital idiocy not 
only is the brain of small size, but it is wanting in proper chemical com. 
position, phosphorus, a characteristic ingredient of the nervous tiiisue, 
being largely diminished in amount. 

3. Eiferimtntatioii upon the lower animals by removing the cerebral 
hemispheres is attended I7 results similar to those observed in disease 
and injury. Removal of the cerebrum in pigeons produces complete 
abolition of intelligence, and destroys the capability of performing spon- 
latieous movements. The pigeon remains in a cuDditioa of profound 
stupor, which is not accompanied, however, by a loss of sensation, 
the power of producing reRex or instinctive movements. The pigeon 
can be temporarily aroused by pinching the feet, loud noises, light placed 
before the eyes, etc., but soon relapses into a state of quietude, being 
unable to remember impressions and connect ibem with any li 
ideas, Ihe faculties of memory, reason, and jadgment being completely 
abolished. 
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CEREBRAL LOCALIZATION OF FUNCTION. 

From experiments made upon animals, and the results of clinical and 
post-mortem observations upon men, it has been shown that the phenomena 
of organic and psychical life are presided over by anatomically localized 
centers in the brain. A knowledge of the position of these centers becomes 
of the highest importance in localizing the seat of lesions, thrombi, hemor- 
rhages, new growths, etc., which show themselves in paralysis, epilepsies, 
etc. It has not been possible to thus localize all functions, and to many 
parts of the brain no special use can be assigned. The following are the 
centers most definitely mapped out and that are of paramount importance : — 

Motor Centers. — These are in the cortical gray matter, and are ar- 
ranged along either side of the fissure of Rolando. This area is known 
as the motor area or motor zone, stimulation of which is followed by con- 
vulsive movements of the muscles of the opposite side of the body, while 
destruction of the gray matter of this area is followed by permanent paral- 
ysis of the muscles of the opposite side. From experiments made upon 
monkeys Ferrier has mapped out a number of motor centers which he has 
transferred to corresponding localities on the human brain (see Fig. 17). 
The descriptive test of the figure renders his results intelligible. Patho- 
logical studies have largely confirmed his deductions. In a general way 
it may be said that the upper third of the ascending frontal and parietal 
convolutions about this fissure preside over the movements of the leg of 
the opposite side of the body ; the middle third controls the movements of 
the arm ; the upper part of the inferior third is the facial area. The lowest 
part of the inferior third governs the motility of the lips and tongue, and 
this space, with the posterior extremity of the third frontal convolution, 
constitutes the speech center. 

The experiments of Horsley and Schafer have enabled them to furnish 
a new diagrammatic representation of the motor area and to more accurately 
define the special areas upon the lateral and mesial aspects of the brain of 
the monkey. The boundaries of the general and special areas as deter- 
mined by these observers will be readily understood by an examination of 
Figs. 22 and 23. 

For diagnostic purposes the motor areas for the face and limbs have been 
subdivided as follows : — 

I. Ihtface area may be divided into an upper part comprising about one- 
third, and a lower part comprising the remaining two-thirds. In the 
upper part are centers governing the movements of the muscles of the 
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points is followed by paralysis of the muscles of tliE opposile side of the 
body, and morbid erowths, hemorrhages, or thrombi of the vessels of the 
part result ia abnormal stimulation or interference of the functioos corre- 
spoDding 1o the nature and nctenl of the lesion. Cerebral or Jacksooiati 
epilepsy is a result of local cortical disease. 

Center for Speech. — Pathological investigations hsve demonstrated 
that the left 3d frontal coavolution is of essential imporlKQce for speech. 
Ailjoining this convolution are the centers cunlrollitig the motility of the 
lips, toogue, etc. In the majority of the cases the speech centers are on the 
left side of the brain, Ihough in exceptional cases they are on the right 
side, especially in left-handed people. In deaf-mutes this convolution is 
very imperfectly developed, while in monkeys it is quite mdimenlary. 
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Lesions of the 3d frontal convolution n 
right-handed, produce the vari 
plete loss of the power of articulate speech. 

Aphasia is of many degrees and kinds. In alaxk aphasia the patient is 
unable to communicate his thoughts by worrfs, there being an inability to 
execute the movements of the moulh, etc., necessary for speech. In 
agrafhU aphasia there is an inability to execute the movements necessary 
for writing, though the mental processes are retained. In the ataxic form 
the lesion is in the 3d franlal convolution, and In the sgraphic form it is 
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examples of which consist of the affeclioni known as -word diajnas ahd 
vmrd blindnen. In woid deafneia the patient cannol Dndersland vocal 
speech, though he is capable of hearing other sonnds. This condition is 
associated with lesion of the first temporal convolution. In -wurd ilinduai 
Ibe patient cannot oame ■. 
letter or a word when 
printed or written, ihoagh 
he can see all other objects. 
This condition is associated 
with impairment of the visual 

Fig. 24 will illustrate tW 
conditions in the various 
forms of aphasia. Impres- 
sions are Constant!; passing 
from eye and ear to the 
visual aud auditoiy centers 
and there registered. Com- 
missural fibers connect these 
centers with the arm and 
speech centers, which in turn 
are connected by eflerent 
fibers with the muscles of 
the hand and vocal appara- 
tus. Muscular movements 
of the eyes, hand, and mouth 
are also registered by means 
of the afferent fibers, s, s',s". 

Sensory Centers. — 
These are the centers In 
which the sensory impres- 
sions are coordinated, and 




Fig. 9 



in which Ihey probably become parts of oi 

TAt visual center, located in the occipital lobe and especially in the 
ciineus. Unilateral deslniction of this area results in hemianoftia, or 
blindness of the corresponding halves of the two retinas. Destruction of 
both occipital lobes in man results in total blindness. Stimulation or irri- 
tation of the visual center causes pAelofsirj, or hml I uci nations of sight, in 
corresponding halves of the relink. There have been instances of injury of 
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these parts when sensations of color were abolished with preservation of 
those of space and light, thus showing a special localization of the color 
center. Late experiments show that the centers of the two hemispheres are 
united, as ocular fatigue of a nonused eye was proportional to the fatigue 
of the exercised one. 

The atidilory centers are located in the temporosphenoidal lobes. Word 
deafness is associated with softening of these parts, and their complete 
removal results in deafness. 

The gustatory and olfactory centers are located in the uncinate gyrus, 
on the inner side of the temporosphenoidal lobes. There does not seem to 
be any differentiation, up to this time, of these two centers. 

The center for tactile impressions was located by Ferrier in the hippo- 
campal region. Horsley and SchS.rer found that destructive lesions of the 
gryrus fornicatus was followed by hemianesthesia of the opposite side of the 
body, which was more or less marked and persistent. These observers 
conclude that the limbic lobe ^*is largely, if not exclusively, concerned in 
the appreciation of sensations painful and tactile." 

The superior and middle frontal convolutions appear to be the seat of 
the reason, intelligence, and will. Destruction of -these parts is followed 
by proportional hebetude, without any impairment of sensation or motion. 



SYMPATHETIC NERVOUS SYSTEM. 

The Sympathetic Nervous System consists of a chain of ganglia 
connected together by longitudinal nerve filaments, situated on each side of 
the spinal column, running from above downward. The two ganglionic 
cords are connected together in the interior of the cranium by the ganglion 
of Ribes, on the anterior communicating artery, and terminate in the gan- 
glion impar, situated at the top of the coccyx. 

The chain of ganglia is divided into groups, and named according to the 
location in which they are found, viz. : cranial, four in number ; cervical^ 
three; M^ra^V, twelve ; lumbar, ^vt', sacral, fivt; coccygeal, on^. Each 
ganglion consists of a collection of vesicular nervous matter, bundles of 
nonmeduUated nerve fibers, imbedded in a capsule of connective tissue. 
The ganglia are reinforced by motor and sensory fibers from the cerebro- 
spinal nervous system. 

The Ganglia have distinct nerve fibers from which branches are dis- 
tributed to the glands, arteries, muscles, and to the cerebral and spinal 
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nerves ; many pass, also, to the visceral ganglia, e, g.^ cardiac, semilunar, 
pelvic, etc. 

^Cephalic Ganglia. 

1. The ophthalmic or ciliary ganglion is situated in the orbital cavity pos- 
terior to the eyeball ; it is of small size and of a reddish-gray color ; 
receives filaments of communication from the motor oculi, ophthalmic 
branch of the 5th pair, and the carotid plexus. Its filaments of distri- 
bution are the ciliary nerves, which consist of — 

a. Motor fibers for the circular fibers of the iris and ciliary muscle. 

b. Sensory fibers for the cornea, iris, and associated parts. 

c. Vasomotor fibers for the blood-vessels of the choroid, iris, and 
retina. 

d. Motor fibers for the dilator fibers of the iris. 

2. The sphenopalatine t or Meckel's ganglion, triangular in shape, is 
situated in the spheno-maxillary fossa ; receives filaments from the facial 
(Vidian nerve), and the superior maxillary branch of the fifth nerve. Its 
filaments of distribution pass to the gums, the soft palate, levator palati, 
and azygos uvulae muscle. 

3. The otic, or Arnold's ganglion, is of small size, oval in shape, and situ- 
ated beneath the foramen ovale; receives a motor filament from the 
facial, and sensory filaments from the glossopharyngeal and 5th nerve ; 
sends filaments to the mucous membrane of the tympanic cavity and to 
the tensor tympani muscle. 

4. The submaxillary gangVion, situated in the submaxillary gland, receives 
filaments from the chorda tympani, sensory filaments from the lingual 
branch of the 5th nerve, and filaments from the S3rmpathetic. The 
chorda tympani nerve supplies vasodilator and secretory fibers to the 
submaxillary and sublingual glands. The 5th nerve endows the glands 
with sensibility, while the sympathetic supplies secretory or tropic fibers. 

Cervical Ganglia. 

The superior cervical ganglion is fusiform in shape, of a grayish-red 
color, and situate opposite the second and third cervical vertebrse ; it sends 
branches to form the carotid and cavernous plexuses which follow the 
course of the carotid arteries to their distribution ; also sends branches to 
join the glossopharyngeal and pneumogastric, to form the pharygeal 
plexus. 

The middle cervical ganglion, the smallest of the three, is occasionally 
wanting ; it is situated opposite the 5th cervical vertebra ; sends branches 
to the superior and inferior cervical ganglion and to the thyroid artery. 
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The inferior ^^rz//V«/ ganglion, irregular in form, is situated opposite the 
last cervical vertebra ; it is frequently fused with the first thoracic ganglion. 

The superior ^ middle^ and inferior cardiac nerves, arising from these 
cervical ganglia, pass downward and forward to form the deep and super- 
ficial cardiac plexuses located at the bifurcation of the trachea, from which 
branches are distributed to the heart, coronary arteries, etc. 

The Thoracic Ganglia are usually twelve in number, placed against 
the heads of the ribs behind the pleura ; they are small in size and gray in 
color ; they communicate with the cerebrospinal nerves by two filaments, 
one of which is white, the other gray. 

"Va^ great splanchnic nerve is formed by the union of branches from the 
6th, 7th, 8tb, and 9th ganglia ; it passes through the diaphragm to the 
semilunar ganglion. 

The lesser splanchnic nerve is formed by the union of filaments from the 
loth and nth ganglia, and is distributed to the celiac plexus. 

The renal splanchnic nerve arises from the last thoracic ganglion and 
terminates in the renal plexus. 

The semilunar ganglia, the largest of the sympathetic, are situated by 
the side of the celiac axis ; they send radiating branches to form the solar 
plexus ; from the various plexuses, nerves follow the gastric, splenic, he- 
patic, renal, etc., arteries, into the different abdominal viscera. 

The Lumbar Ganglia, four in number, are placed upon the bodies of 
the vertebra ; they give off branches which unite to form the aortic lumbar 
plexus and the hypogastric plexus, and follow the blood- vessels to their 
terminations. 

The Sacral and Coccygeal Ganglia send filaments of distribution to 
all the blood-vessels of the pelvic viscera. 

Properties and Functions. — The sympathetic nerve possesses both 
sensibility and the power of exciting motion, but these properties are much 
less decided than in the cerebrospinal system. Irritation of the ganglia 
does not produce any evidence of pain until some time has elapsed. If 
caustic soda be applied to the semilunar ganglia, or a galvanic current be 
passed through the splanchnic nerve, no instantaneous effect is noticed, as 
in the case of the cerebrospinal nerves ; but in the course of a few seconds 
a slow, progressive contraction of the muscular coat of the intestines is 
established, which continues for some time after the irritation is removed. 
Division of the sympathetic nerve in the neck is followed by a vascular 
congestion of the parts above the section on the corresponding side, attended 
by an increase in the temperature ; not only is there an increase in the 
N 
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amount of blood, but the rapidity of the blood current is very much has- 
tened and the blood in the veins becomes of a brighter color. Galvaniza- 
tion of the upper end of the divided nerve causes all of the preceding 
phenomena to disappear; the congestion decreases, the temperature falls, 
and the venous blood becomes dark again. 

The sympathetic exerts a similar influence upon the circulation of the 
limbs and the glandular organs ; destruction oi the 1st thoracic ganglion 
and division of the nerves forming the lumbar and sacral plexuses is fol- 
lowed by a dilatation of the vessels, an increased rapidity of the circulation, 
and an elevation of temperature in the anterior and posterior limbs; gal- 
vanization of the peripheral ends of these nerves causes all of these phe- 
nomena to disappear. Division of the splanchnic nerve causes a dilatation 
of the blood-vessels of the intestine. 

These phenomena of the sympathetic nerve system are dependent upon 
the presence of vasomotor nerves, which, under normal circumstances, 
exert a tonic influence upon the blood-vessels. These nerves, derived 
from the cerebrospinal system, the medulla oblongata, leave the spinal cord 
by the rami communicanlest enter the sympathetic ganglia, and finally 
terminate in the muscular wall of the blood-vessels. 

Sleep is a periodical condition of the nervous system, in which there is 
a partial or complete cessation of the activities of the higher nerve centers. 
The cause of sleep is a diminution in the quantity of blood, occasioned by a 
contraction of the smaller arteries under the influence of the vasomotor 
nerves. 

During the waking state the brain undergoes a physiological waste, as 
a result of the exercise of its functions ; after a certain length of time its 
activities become enfeebled, and a period of repose ensues, during which a 
regeneration of its substance takes place. 

When the brain becomes enfeebled there is a diminished molecular 
activity and an accumulation of waste products ; under these circumstances 
it ceases to dominate the medulla oblongata and the spinal cord. These 
centers then act more vigorously and diminish the caliber of the cerebral 
blood-vessels through the action of the vasomotor nerves, producing a con- 
dition of physiologic anemia and sleep; during this state waste products 
are removed, force is stored up, nutrition is restored, and waking finally 
occurs. 
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THE SENSE OF TOUCH. 

The Sense of Touch is a modification of general sensibility, and 
located in the skin, which is especially adapted for this purpose, on account 
of the number of nerves and papillary elevations it possesses. The structures 
of the skin and the modes of termination of the sensory nerves have already 
been considered. 

The Tactile Sensibility varies in acuteness in different portions of the 
body, being most marked in those regions in which the tactile corpuscles 
are most abundant, e. g.y the palmar surface of the 3d phalanges of the 
fingers and thumb. 

The relative sensibility of different portions of the body has been ascer- 
tained by means of a pair of compasses, the points of which ^re guarded by 
cork, and then determining how closely they could be brought together, and 
yet be felt at two different points. The following are some of the measure- 
ments : — 

Point of tongue, ^ of a line. 

Palmar surface of third phalanx, I line. 

Red surface of lips, 2 lines. 

Palmar surface of metacarpus, 3 " 

Tip of the nose, 3 " 

Part of lips covered by skin, 4 ** 

■ Palm of hand, 5 « 

Lower part of forehead, 10 ** 

Back of hand 14 " 

Dorsum of foot, 18 " 

Middle of the thigh, 30 " 

The sense of touch communicates to the mind the idea of resistance ovXjt 
and the varying degrees of resistance offered to the sensory nerves enable 
us to estimate, with the aid of the muscular sense, the qualities of hardness 
and softness of external objects. The idea of space or extension is obtained 
when the sensory surface or the external object changes its place in regard 
to the other ; the character of the surface, its roughness or smoothness^ is 
estimated by the impressions made upon the tactile papillae. 

Appreciation of Temperature. — The general surface of the body is more 
or less sensitive to differences of temperature, though this sensation is 
separate from that of touch ; whether there are nerves especially adapted 
for the conduction of this sensation has not been fully determined. Under 
pathologic conditions, however, the sense of touch may be abolished, 
while the appreciation of changes in temperature may remain normal. 
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The cutaneous surface varies in its sensibility to temperature in different 
parts of the body, and depends, to some extent, upon the thickness of the 
skin, exposure, habit, etc. ; the inner surface of the elbow is more sensitive 
to changes in temperature than the outer portion of the arm ; the left hand 
is more sensitive than the right ; the mucous membrane less so than the 
skin. 

Excessive heat or cold has the same effect upon the sensibility ; the tem- 
peratures most readily appreciated are those between 50° F. and 115° F. 

The sensations oi pain and tickling appear to be conducted to the brain, 
also, by nerves different from those of touch ; in abnormal conditions the 
appreciation of pain may be entirely lost, while touch remains unimpaired. 



THE SENSE OF TASTE. 

The Sense of Taste is localized mainly in the mucous membrane 
covering the superior surface of the tongue. 

The Tongue is situated in the floor of the mouth ; its base is directed 
backward and connected with the hyoid bone, by numerous muscles with 
the epiglottis and soft palate ; its apex is directed forward against the pos- 
terior surface of the teeth. 

The substance of the tongue is made up of intrinsic muscular fibers, the 
lingualcs ; it is attached to surrounding parts, and its various movements 
performed by the extrinsic muscles, e. g.^ styloglossus, geniohyoglossus, etc. 

The mucous membrane covering the tongue is continuous with that lining 
the commencement of the alimentary canal, and is furnished with vascular 
and nervous papillae. 

Tht papillcB are analogous in their structure to those of the skin, and are 
distributed over the dorsum of the tongue, giving it its characteristic rough- 
ness. 

There arc three principal varieties : — 

1. "Wi^ filiform papilla are most numerous, and cover the anterior two- 
thirds of the tongue ; they are conical or filiform in shape, often pro- 
longed into filamentous tufts, of a whitish color, and covered by horny 
epithelium. 

2. The fungiform papilla are found chiefly at the tip and sides of the 
tongue ; they are larger than the preceding, and may be recognized by 
their deep red color. 

J. The circumvallate papillce are rounded eminences, from eight to ten in 
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number, situated at the base of the tongue, where they form a V-shaped 
figure. They are quite large, and consist of a central projection of 
mucous membrane, surrounded by a wall, or circumvallation, from which 
they derive their name. 

The Taste Beakers, supposed to be the true organs of taste, are flask- 
like bodies, ovoid in form, about ^J^th of an inch in length, situated in the 
epithelial covering of the mucous membrane, on the circumvallate papillae. 
They consist of a number of fusiform, narrow cells, and curved so as to 
form the walls of this flask like body; in the interior are elongated cells, 
with large, clear nuclei, the taste cells. 

Nerves of Taste. — The chorda tympani nerve, a branch of the facial, 
after leaving the cavity of the tympanum, joins the 3d division of the 5th 
nerve between the two pterygoid muscles, and then passes forward in the 
lingual branches, to be distributed to the mucous membrane of the anterior 
two-thirds of the tongue. Division or disease of this nerve is followed by 
a loss of taste in the part to which it is distributed. 

The glossopharyngeal enters the tongue at the posterior border of the 
hyoglossus muscle, and is distributed to the mucous membrane of the base 
and sides of the tongue, fauces, etc. 

The lingual branch of the trifacial nerve endows the tongue with gen- 
eral sensibility ; the hypoglossal endows it with motion. 

The nerves of taste in the superficial layer of the mucous membrane 
form a fine plexus, from which branches pass to the epithelium and pene- 
trate it ; others enter the taste beakers, and are directly connected with the 
taste cells. 

The seat of the sense of taste has been shown by experiment to be the 
whole of the mucous membrane over the dorsum of the tongue, soft palate, 
fauces, and upper part of the pharynx. 

The Sense of Taste enables us to distinguish the savor of substances 
introduced into the mouth, which is different from tactile sensibility. The 
sapid quality of substances appreciated by the tongue are designated as 
bitter, sweet, alkaline, sour, salt, etc. 

The Essential Conditions for the production of the impressions of 
taste are — 

1. A state of solubility of the food. 

2. A free secretion of the saliva, and 

3. Active movements on the part of the tongue, exciting pressure against 
the roof of the mouth, gums, etc., thus aiding the solution of various 
articles and their osmosb into the lingual papillae. Sapid substances, 
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when in a state of solution, pass into the interior of the taste beakers, and 
come into contact, through the medium of the taste cells, with the ter- 
minal filaments of the gustatory nerves. 



THE SENSE OF SMELL. 

The Sense of Smell is located in the mucous membrane lining the 
upper part of the nasal cavity, in which the olfactory nerves are distributed. 

The Nasal Fossae are two cavities, irregular in shape, separated by 
the vomer, the perpendicular plate of the ethmoid bone, and the triangular 
cartilage. They open anteriorly and posteriorly by the anterior and pos 
terior nares, the latter communicating with the pharynx. They are lined 
by mucous membrane, of which the only portion capable of receiving odor- 
ous impressions is the part lining the upper one-third of the fossae. 

The Olfactory Nerves, arising by three roots from the posterior and 
inferior surface of the anterior lobes, pass forward to the cribriform plate 
of the ethmoid bone, where they each expand into an oblong body, the 
olfactory bulb. From its under surface from 15 to 20 filaments pass 
downward through the foramina, to be distributed to the olfactory mucous 
membrane, where they terminate in long, delicate, spindle-shaped cells, the 
olfactory cells^ situated between the ordinary epithelial cells. 

The olfactory bulbs are the centers in which odorous impressions are 
perceived as sensations, destruction of these bulbs being attended by an 
abolition of the sense of smell. 

In animals which possess an acute sense of smell there is a corresponding 
increase in the development of the olfactory bulbs. 

The Essential Conditions for the sense of smell are — 

1. A special nerve center capable of receiving impressions and transforming 
them into odorous sensations. 

2. Emanations from bodies which are in a gaseous or vaporous condition. 

3. The odorous emanations must be drawn freely through the nasal fossae ; 
if the odor be very faint, a peculiar inspiratory movement is made, by 
which the air is forcibly brought into contact with the olfactory filaments. 
The secretions of the nasal fossae probably dissolve the odorous particles. 
Various substances, as ammonia, horseradish, etc., excite the sensibility 

of the mucous membrane, which must be distinguished from the perception 
of true odors. 
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THE SENSE OF SIGHT. 

The Eyeball. — The eyeball, or organ of vision, is situated at the fore 
part of the orbital cavity and supported by a cushion of fat ; it is protected 
from injury by the bony walls of the cavity, the lids and lashes, and is so 
situated as to permit of an extensive range of vision. The eyeball is loosely 
held in position by a fibrous membrane, the capsule of Tenon^ which is 
attached on the one hand to the eyeball itself and on the other to the walls 
of the cavity. Thus suspended, the eyeball is capable of being moved in 
any direction by the contraction of the muscles attached to it. 

Structure. — The eyeball is spheroidal in shape and measures about -^ths 
of an inch in its anteroposterior diameter, and a little less in its transverse 
diameter. When viewed in profile it is seen to consist of the segments of 
two spheres, of which the posterior is the larger, occupying |ths, and the 
anterior the smaller, occupying ^th of the ball. 

The eye is made up of several membranes concentrically arranged, within 
which are enclosed the refracting media essential to vision. These mem- 
branes, enumerated from without inward, are — 

1. The sclerotic and cornea. 

2. The choroid and iris. 

3. The retina; the refracting media are the aqueous humor, the crystal- 
line lens, and vitreous humor. 

The Sclerotic and Cornea. — The sclerotic is the opaque fibrous mem- 
brane covering the posterior Jths of the ball. It is composed of connective 
tissue arranged in layers, which run both transversely and longitudinally ; 
it is pierced posteriorly by the optic nerve about y^^th of an inch internal to 
the optic axis. The sclerotic by its density gives form to the eye and pro- 
tects the delicate structures within it, and serves for the attachment of the 
muscles by which the ball is moved. 

The cornea is a transparent nonvascular membrane covering the anterior 
^th of the eyeball. It is nearly circular in shape and is continuous at the 
circumference with the sclerotic, from which it cannot be separated. The 
substance of the cornea is made up of thin layers of delicate, transparent 
fibrils of connective tissue more or less united together ; between these 
layers are found a number of intercommunicating lymph spaces lined by 
endothelium, which are in connection with lymphatics. Leucocytes or 
lymph corpuscles are often found in these spaces. The anterior surface of 
the cornea is covered by several layers of nucleated epithelium, which rest 
upon a structureless membrane known as the anterior elastic lamina. The 
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posterior surface is covered by a similar membrane, the membrane of 
Descemet, which becomes continuous at its periphery with the iris ; it is 
also covered by a layer of epithelial cells. At the junction of the cornea 
and sclerotic is found a circular groove, the canal of Schlemm, 

The Choroid, the Iris, the Ciliary Muscle, and Ciliary Processes 
together constitute the second or middle coat of the eyeball. 

The choroid is a dark-brown membrane which extends forward nearly 
to the cornea, where it terminates in a series of folds, the ciliary processes. 
In its structure the choroid is highly vascular, consisting of both arteries and 
veins. Externally it is connected with the sclerotic by connective tissue ; 
internally it is lined by a layer of hexagonal pigment cells which, though 
usually classed as belonging to the choroid, is now known to belong, em- 
bryologically and physiologically, to the retina. From without inward may 
be distinguished the following layers :— 

1. The lamina supra choroidea. 

2. The elastic layer of Sattler, consisting of two endothelial layers. 

3. The chorio-capillaris, choroid proper, or membrane of Ruysch, a thick, 
elastic network of arterioles and capillaries lying within the outer layer of 
veins and arteries called the vena vorticosae. 

4. The lamina vitrea, or internal limiting membrane. 

The choroid with its contained blood-vessels bears an important relation 
to the nutrition of the eye ; it provides for the blood supply, for drainage 
from the body of the eye, and presents an uniform and high temperature to 
the retina. 

The iris is the circular variously-colored membrane placed in the an- 
terior portion of the eye just behind the cornea. It is perforated a little to 
the nasal side of the center by a circular opening, the pupil. The outer or 
circumferential border is connected with the cornea, ciliary muscle, and 
ciliary processes ; the free inner edge forms the boundary of the pupil, the 
size of which is constantly changing. The framework of the iris is com- 
posed of connective-tissue blood-vessels, muscular fibers, and pigmented 
connective-tissue corpuscles. The anterior surface is covered with a layer 
of epithelial cells continuous with those covering the posterior surface of 
the cornea ; the posterior surface is lined by a limiting membrane bearing 
pigment epithelial cells continuous with those of the choroid. The various 
colors which the iris assumes in different individuals depend upon the 
quantity and disposition of the pigmentary granules. 

The muscular fibers of the iris, which are of the nonstriated variety, are 
arranged in two sets, — the sphincter and dilator. 

The sphincter pupilla is a circular flat band of muscular fibers surround- 



ing the pupi1*c1(He to its posterior surface; by its contraclion and relaxa- 
tiou, the pupil is diminished or increased in aze. The dilalor fupilla 
cohsieIs of a tbin layer of fibers arranged in a radiate manner; at tbe mar- 
I gin of the pupil ihej bleod with those of the sphincter muscle, while at the 
Kouter border ihey arch to form a circular musi:ulBr layer. 
I The ciliary miiscit la a gray circular baud consisting of unstriped mus- 
cular libers about j'gth of an inch long running from before backward. 
It is attached anteriorly to the inner surface of the sclerotic and cornea, a»d 
posteriorly to the choroid coal opposite the ciliary processes. At the an- 
terior border of the radiating 6l>ers and internally are found bundles of 
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circular moscular Ebers, coostilutiog the annular musclt of MQller. The 
ciliary muscle thus consists of two sets of fibers, a radiating aoci circular, 
both of which are coucenjed in effecting a change in the convenitj of the 
lena in [he accommodation of the eye to near Tiaion, 

The Retina forms the internal coat of the eye. In the fresh stale it is a 
delicate, transparent membrane of apinic color, but after dcalh soon becomes 
e; it extends forward almost to the ciliary processes, where i1 termi- 
in an indented bolder, the era strrala. In the posterior part of the 
at a point corresponding to the axis of vision is a yellow spot, the 
uula lulia, which is somewhat oval in shape and tingtd with yellow 
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pigment. II presents in Us center a depiession, Ihe fmiea *cenlrnlis, cor- 
reaponding to a decrease in tbickaess of the retina; about y'gth of an 
inch to the inner side ol the macula is the point of entrance of the optic 
nerve. The arterin centralis retina pierces the optic nerre near the 
sclerotic, runs forward in its substance, and is distributed in tlie retina as 
far fornard as the ciliary processes. 

The retina is remarlinbly com 
within outward, supported by 



I. Membrana limilans interna. 
3. Fibers of opiic nerve. 

3. Layers of ganglionic corpuscles. 

4. Molecular layer. 

5. Internal granular layer. 

6. Molecular layer. 
'7. Eiteroal granular layer. 

S. Membrana limilaos externa. 
9. Jacobson's membrane, or layer of rods and cooes. 
10. The layer of pigment cells. 

The moat imporlflnt of these, however, is the layer of rods and cones in 
theeilernal portion of the retina. The rods are straight, elongated Cylinders 
eilending through the entire thickness of Jacobson's membrane. They 
consist of an eslcmal portion, which is clear, homt^eneons, and highly re- 
fracting, and of an internal ponion, which is slightly granular and less 
refractive ; the outer end of each rod is in direct contact with the pig- 
mentary epithelium lining the choroid, while the inner end, tapering to a line 
thread, pierces Ihe eslernal limiting membrane and passes into the exteroal 
granular layer. The cones consist also of two portions, the inner of which 
Is somewhat thicker than the rod and rests upon the limiting membrane 1 
the outer portion lapers to a fine point, wbicb is known as the cone-style. 
The cones, as a rule, are somewhat shorter than Ihe rods. The propor- 
tion o( rods 10 cones varies in different parts of the retina, though there are 
on the average about fourteen rods lo one cone. In the macula lutea, where 
TJsion is most acule, the rods are almost entirely absent, cones alone being 
present. All the retinal elements at this point are changed. The nerve 
fiber layer i» absent, the axi* cylinders radiating in such a manner as lo 
leave the spot free from their covering. The remaining layeis are all 
thinned and the stroma reduced to a minimum. The optic nerve after 
passing forward from the brain penetrates in succession the sclerotic, 
I choroid, and retina ; the nerve fibers then spread out over 



THE SENSE OF SIGHT. 211 

surface of the retina and become connected with the large ganglionic cells, 
the 3d layer of the retina. 

The number of optic nerve fibers in the retina is estimated to be about 
800,000, and for each Bber there are about seven cones, one hundred rods, 
and seven pigment cells. The points of the rods and cones are directed 
toward the choroid, or away from the entering light, and dip into the pig- 
mentary layer. They, with the pigment layer, are the elements interme- 
diating the change of the ethereal vibrations into nerve force ; out of these 
nerve vibrations the brain fashions the sensations of light, form, and color. 

The vitreous humor^ which supports the retina, is the largest of the re- 
fracting media ; it is globular in form and constitutes about |ths of the 
ball ; it is hollowed out anteriorly for the reception of the crystalline lens. 
The outer surface of the vitreous is covered by a delicate, transparent mem- 
brane, termed the hyaloid membrane^ which serves to maintain its globular 
form. 

The aqueous humor found in the anterior chamber of the eye is a clear 
alkaline fluid, having a specific gravity of i. 003-1. 009. It is secreted most 
probably by the blood-vessels of the iris and ciliary processes. It passes 
from the interior of the eye, through the canal of Schlemm and the meshes 
at the base of the iris, into the anterior circular vein. 

The crystalline lens, enclosed within its capsule, is a transparent bicon- 
vex body, situated just behind the iris and resting in the depression in the 
anterior part of the vitreous. The two convexities are not quite alike, the 
curvature of the posterior surface being slightly greater than that of the an- 
terior. The lens measures about ^d of an inch in the transverse diameter 
and ^th of an inch in the anteroposterior diameter. 

The suspensory ligament^ by which the lens is held in position, is a firm, 
transparent membrane, united to the ciliary processes. A short distance 
beyond its origin it splits into two layers, the anterior of which is inserted 
into the capsule of the lens and blends with it ; the posterior, passing inward 
behind the lens, becomes united to its capsule. The anterior layer pre- 
sents a series of foldings. Zone of Zinn, which are inserted into the inter- 
vals of the folds of the ciliary processes. The triangular space between 
the two layers is the canal of Petit. 

Blood-vessels and Nerves. — The structures composing the eyeball are 
supplied with blood by the long and short ciliary arteries, branches of the 
ophthalmic ; they pierce the sclerotic at various points and are ultimately 
distributed to all tissues within the ball. 

The nerve supply comes largely from the ophthalmic or ciliary ganglion. 
This is a small body, situated in the posterior part of the orbit ; it receives 
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motor fibers from a braocb of ibe motoroculi, or 3d nerve; » sensor; 
branch from the ophlhatmic division of 5th oerve, and fibers from the 
cavernous plexus of tbe sjmpalhetic. From (he anlerior border of the 
ganglion proceed tbe ciliary nerves, which, entering the ejeball, eadoir its 
structures vrith motion and sensalion. 

The Eyeball a Living; Camera Obscura. — The eyeball may be com- 
pared in a general way to a camera obscura. The anatomical arrangement 
of its stmctures reveals many points of similarity. The sclerotic and choroid 
may b mp edwbhv hhmb h mbdratie 

med a om a aqueo b m a d tr u bum o be ns for 




focusing ih« rays of light ; the retina, lo the sensitive plate receiving Ihe 
image formed at Ihe focal point ; the iris, to the diaphragm, which by cutting 
off the marginal rays prevents spherical abenation and at the same time 
regulates the amount of tight entering the eye ; [he ciliary muscle, to the 
adjusting screw, by nhich distinct images are thrown upon the letioa in 
spite of varying distances of the object from which the light rays emanate. 
The structures just enumerated are those essential for normal vision. 

The relationship of tbe various stnictures composing the eyeball is shown 
in Fig. a6. 
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The Dioptric, or Refracting apparatus, by which the rays of light enter- 
ing the eye are so manipulated as to produce an image on the retina, 
consists of the cornea, aqueous humor, crystalline lens, and vitreous humor. 
A ray of light in passing through each of these media will undergo refrac 
tion at their surfaces and ultimately be brought to a focus at the retina. 
Inasmuch as the two surfaces of the cornea are parallel and its refractive 
power practically the same as the aqueous humor, the media may be re- 
duced to three, viz. : — 

1. Cornea and aqueous humor. 

2. The lens. 

3. The vitreous humor. 




Fig. 27. — Diagram Showing thb Course of Parallel Rays of Light from A, in 
THEIR Passage through a Biconvex Lens, L, in which they are so Re- 
fracted AS TO Bend I oward and Come in a Focus at a Point, F. — {From 
Veo's Text-Book of Physiology.) 




Fig. 28. — Diagram Showing the Course of Diverging Rays which are Bent to 
A Point Further from the Lens than the Parallel Rays in Preceding 
Figure.— (/V«;w Yeo's Text-Book 0/ Physiology.") 



The refracting surfaces may also be reduced to three, viz. : — 

1. Anterior surface of the cornea. 

2. Anterior surface of lens. 

3. Posterior surface of lens. 

The refraction effected by the cornea is very great, owing to the passage 
of the light from the air into a comparatively dense medium, and is sufficient 
of itself to bring parallel rays of light to a focus about ten millimeters behind 
the retina. This would be the condition in an eye in which the lens was 
congenitally absent. Perfect vision requires, however, that the convergence 
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of the light shall be great enough that the image may fall upon the retina. 
This is accomplished by the crystalline lens, a body denser than the cornea 
and possessing a higher refractive power. The manner in which a biconvex 
lens focuses both parallel and divergent rays is shown in Figs. 27 and 28. 

The function of the crystalline lens, therefore, is to focus the rays of light 
with the formation of an image on the retina. 

The Retinal Image corresponds in all respects to the object from which 
the light proceeds. The existence of this image can be demonstrated by 
removing from the eye of a recently killed animal a circular portion of the 
sclerotic and choroid posteriorly and then placing at the proper distance in 
front of the cornea a lighted candle ; an inverted image of the candle will 
be seen upon the retina. The size of the retinal image depends upon the 
visual angle, which in turn depends upon the size of the object and its 
distance from the eye. At a distance of 15.2596 meters the image of an 
object one meter high would be one millimeter, or a thousand times smaller 
than the object. 

Accoxnxnodation. — By accommodation is understood the power which 
the eye possesses of adjusting itself to vision at different distances. In a 
normal or emmetropic eye parallel rays of light are brought to a focus on 
the retina; but divergent rays, that is, rays coming from a near luminous 
point, will be brought to a focus behind the retina, provided the refractive 
media remain the same ; as a result, vision would be indistinct, from the 
formation of diffusion circles. It is impossible to see distinctly, therefore, 
a near and distant object at the same time. We must alternately direct 
the vision from one to the other. A normal eye does not require adjust- 
ing for parallel rays ; but for divergent rays a change in the eye is necessi- 
tated; this is termed accommodation. In the accommodation for near 
vision the lens becomes more convex, particularly on its anterior surface; 
the increase in convexity increases its refractive power; the greater the 
degree of divergence of the rays previous to entering the eye, the greater 
the increase of convexity of the lens and convergence of the rays after 
passing through it. By this alteration in the shape of the lens we are 
enabled to focus light rays coming from, and to see distinctly, near as well 
as distant objects. 

Function of the Ciliary Muscle. — Though it is admitted that the 
change in the convexity of the lens is caused by the contraction of the 
ciliary muscle and the relaxation of the suspensory ligament, the exact 
manner in which it does so is not understood. When the eye is in repose, 
as in distant vision, the suspensory ligament is tense and the lens possesses 
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that degree of curvature necessary for focusing parallel rays. In the volun- 
tary efforts to accommodate the eye for near vision, the ciliary muscle con- 
tracts, the suspensory ligament relaxes, and the lens, inherently elastic, 
bulges forward and once again focuses the rays upon the retina. It is, 
therefore, termed the muscle of accommodation, and by its alternate con- 
traction and relaxation the lens is rendered more or less convex, accord- 
ing to the requirements for near and distant vision. 

Range of Accommodation. — Parallel rays coming from a luminous 
point, distant not less than 200 feet, do not require adjustment ; from this 
point up to infinity no accommodation is required for perfect vision. This is 
termed the punctum remotumy and indicates the distance to which an object 
may be removed and yet distinctly seen. If the object be brought nearer 
to the eye than 200 feet, the accommodative power must come into play ; 
the nearer the object the more energetic must be the contraction of the 
ciliary muscle and the consequent increase in the convexity of the lens. At 
a distance of five inches, however, the power of accommodation reaches 
its maximum ; this is termed the punctum proximum^ and indicates the 
nearest point at which an object may be seen distinctly. The distance 
between these two points is the range of accommodation. 

Optical Defects. — Astigmatism is a condition of the eye which pre- 
vents vertical and horizontal lines from being focused at the same time, 
and is due to a greater curvature of the cornea in one meridian than 
another. 

spherical aberration is a condition in which there is an indistinctness of 
an image from the unequal refraction of the rays of light passing through 
the circumference and the center of the lens ; it is corrected mainly by the 
iris, which cuts off the marginal rays, and only transmits those passing 
through the center. 

Chromatic aberration is a condition in which the image is surrounded by 
a colored margin, from the decomposition of the rays of light into their 
elementary parts. 

Myopia^ or shortsightedness y is caused by an abnormal increase in the 
anteroposterior diameter of the eyeball, or by a hypernormal refracting 
power of the lens ; it is generally due to the first cause ; the lens, being too 
far removed from the retina, forms the image in front of it, and the percep- 
tion becomes dim and blurred. Concave glasses correct this defect by pre- 
venting the rays from converging too soon. 

Hypermetropia, or longsightedness ^ is caused by a shortening of the 
anteroposterior diameter or by a subnormal refractive power of the lens ; 
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the focus of the rays of light would, therefore, be behind the retina. Con- 
vex glasses correct this defect by convei^iDg the rays of light more 
anteriorly. 

Presbyopia is a loss of the power of accommodation of the eye to near 
objects, and usually occurs between the ages of forty and sixty ; it is reme- 
died by the use of convex glasses. 

The Iris. — The iris plays the part of a diaphragm, and by means of its 
central aperture the pupil regulates the quantity of light entering the 
interior of the eye ; by preventing rays from passing through the margin of 
the lens it diminishes spherical aberration. The size of the pupil depends 
upon the relative degree of contraction of the circular and radiating fibers ; 
the variations in size of the pupil from variations in the degree of contrac- 
tion depend upon different intensities of light. If the light be intense, the 
circular fibers contract and diminish the size of the pupil; if the light 
diminishes in intensity, the circular fibers relax and the pupil enlarges. 

Point of Most Distinct Vision. — While all portions of the retina are 
sensitive to light, their sensibility varies within wide limits. At the macula 
lutea, and more especially in its most central depression, the fovea, where 
the retinal elements are reduced practically to the layer of rods and cones, 
the sensibility reaches its maximum. It is at this point that the image is 
found when vision is most distinct. The macula and fovea are always in 
the line of direct vision. From the macula toward the periphery of the 
retina there is a gradual diminution in sensibility and a corresponding decline 
in the distinctness of vision. In those portions of the retina lying outside 
the macula the indistinctness of vision depends not only on diminished 
sensibility, but also upon inaccurate focusing of the rays. 

Blind Spot. — Although the optic nerve transmits the impulses excited 
in the retina by the ethereal vibration, the nerve fibers themselves are insen- 
sitive to light. At the point of entrance of the optic neive, owing to the 
absence of the rods and cones, the rays of light make no impression. This 
is the blind spot. As this spot is not in the line of vbion no dark point is 
ordinarily observed in the field of vbion — that circular space before a fixed 
eye within which objects are perceptible. 

The rods and cones are the most sensitive portions of the retina. A ray 
of light entering the eye passes entirely through the various layers of the 
retina and is arrested only upon reaching the pigmentary epithelium in 
which the rods and cones are imbedded. As to the manner in which the 
objective stimuli, light and color, so-called, are transformed into nerve im- 
n*daet but little is known. It is probable that the ethereal vibrations are 
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Iransrocmed into Ileal, which excite; th« rods and cooes. These, acting ss 
highly specialized end ar|;Biis of the optic nerve, start tbe impulses on their 
way to ihe brain, where the seeing process takes place. As to the relative 
function of the rods and cooes, it has been suggested, from the study of 
the facts of comparative anatomy, that the rods are impressed only by differ- 
ences in the intensity of light, while the cones in addilioo Bie impressed by 
qualitative diiferences or color. 

Accessory Structures.— Tbe muscles which move the eyeball are six 
in number : the superior and inferior recti, the external and internal recti, 
the superior and infetior oblique muscles. The four recti muscles, arising 
from the apei of the orbit, pass forward and are inserted into the aides of 
the sclerotic coat ; the supirior and infmor muscles rotate the eye around 
H herhonlal axis ; the external and inlemal rotate it around a verlital 

Tbe superior oblique muscle, having the same origin, passes forward to 
the inner and upper angle of the oibltal cavity, where its tendon passes 
throngh a caitilaginoos pulley ; it is tbeo reflected backward and inserted 
into the sclerotic just behind tbe transverse diameter. Its funition is to 
rotate tbe eyeball in sucb a manner as to direct the pupil dmeiiword and 
outward. 

The ittfeTusr oblique muscle arises at the inner angle of the orbit and 
then passes outward and backward, to be inserted imo the sclerotic, lis 
function is to rotate the eyeball and direct the pupil iifi-jiOTd and oulivard. 

By the associated BClioo of all these muscles, the eyeball is capable of 
performing all the varied and complex movements necessary for distinct 

The eyelids, liordered with short, stiff hairs, shade the eye and protect it 
from injury. On the posterior surface, just beneath the Conjunctiva, are 
the Meibomian glands, which secrete an oily fluid; it covers tbe edge of 
the lids, snd prevents Ihe tears from flowing over the cheek. 

The lacrimal glands are ovoid in shape, and situated at the upper and 
outer part of the orbital cavity; they open by from six to eight ducts at the 
outer portion of the upper lids. 

The tears, secreted by tbe lacrimal glands, are distributed over the cor- 
nea by the lids during the act of winking, and keep it moist and free from 
dusL The excess of tears parses into the lacrimal duels, which b^in by 
two minute oriHces, one on each lid, at the inner canlhus. They Conduct 
the tears into the nasal duct, and so into the nose. 
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^H THE SENSE OF HEARING. 

^^^^ The Gar, or Organ of Hearing, is lodged within the peti 

^^^1 of the lemporal bone. It may be, for conTenience of descriptl 
^^^H into three portions, viz.: — 

I 

V re 

I. d< 



The middle ear. 
3, The internal ear, or labyrinth. 

The Esternal Ear consists of the /inna or aiirtcl/ and the exler 
ijilory miial. The pinna consists of a thin layer of caililage, preaenl 
series of elevations and depressions ; it is attached by fibroustissue to 
ler bony edge of the auditory canal ; it ia covered by a layer of inle 
ent continuous with that covering llie side of the head. The general 
shape of the pinna 13 concave and presents a little below (he center a deep 
depression, the concha. The txlema! audilory canal extends from 
concha inward for a distance of about x\ inches. !t is directed somewhat 
forward and upward, passing over a convexity of bone, and then dips 
downward to its termination ; it is composed of both bone and cartilage, 
and lined by a reHection of the bkia covering the pinna. At the external 
portion of the caual Ibe skin contains a number of tubular glands, the 
cerummous glands, which in their conformation resemble the perspiratoiy 
glsnds. They secrete the cerumen, or earwai. 

The Middle Ear, or Tympanum, is an irregularly -shaped cavity hol- 
lowed out of the temporal bone and situated between the external ear and 
the labyrioih. It is narrow from side to side but relatively long in iti 
vertical and anteroposterior diameters ; it is separated from the external 
audilory canal by a membrane, the mcmbrana tympani; from theinlenud 
ear it is separated by an osseomerobranous partition which forms a comi 
wall for both cavities. The middle ear communicates posteriorly with the 
mastoid cells, anteriorly with the nasopharynx by means of the Euslachial 
lube. The interior of this cavity is lined by mucous rocmbrane eontinUOU* 
with that lining (he pharynx. 

The mcmbrana tympani is a ihin, traosluceni, nearly circular membrane, 
measuring about \ of an inch in diameter, placed « (he inner tenn 
tion of the external auditory canal. The membrane is inclosed within 
a ring uf bone which in the fetal condition can be easily removed, but ii 
the adull condition becomes consolidated with the surrounding bone. The 
ibrana tympani consists primarily of a layer of fibrous tissue, arranged 
both circularly and radially, and forms the mcmbrana propria ; externally 
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it is covered by a thin layer of sltin coatinaous with that lining the auditory 
canal; internally it is coveted by a thin mucous membrane. The tympanic 
membrane is placed obliquely at the bottom of ihe auditory canal, inclining 
at an angle of 45 degrees, being direct e-d from behind and above downward 
and inward. On its external surface this membrane preseols a funtiel- 
shaped depressIoD, the sides of which are somewhat convex. 

The Ear Bones. ^ — Running accosa the tympanic cavity and forming Bn 
irregular line of jointed levers is a ebain of bones which articolate with 




the mallena.incas, and 



The form and position of these bonea are shown in Fig. 29. 
The mallfus consists of a head, neck, and handle, of which the latter ia 
atteched to the inner surface of the membrana tympani ; the incus, or anvil 
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bone, presents a concave, articular surface, which receives the head nf Ihr ' 
malleus; the stapes, or stirrup bone. articuUles externally with ibe long 
process of the incus, and internally, by its oval base, with the edges of Ihe 

The Tensor Tympani Muscle consi5ts of a fleshy, tapering porlion, 
half au inch in length, which terminates in a slender tendon ; it arises from 
the cartilaginous portion of the Eustachian tube and adjacent surface of the 
sphenoid bone. From this origin the muscle passes nearly horizontally 
backward to the tympanic cavity ; just opposite to the fenestra ovalia its 
tendon bends at a right angle over the processus cochlear! form is and then 
passes outward across the Cavity to be inseried into the handle of the mal- 
leus near the neck. 

The Stapedius Muscle emerges from the cavity of a pyramid of bone 
projecting from the posterior wall of Ihe tympanum ; the tendon passes 
forwan) and is insetted into the neck of the stapes bone jiosteriorly near its 
point of articulation with the incus. 

The laxator tympani muscle, so-called, is now generally regarded as liga- 

The Eustachian Tube, hy means of which a free communication ii 
established between Ihe middle ear and pharynx, is partly bony and partly 
cartilaginous in structure. It measures about \\ inches in length; com- 
mencing al its opening into the naso-pharynx, it passes upward and out- 
ward to the spine of the sphenoid bone, at which point it becomes some- 
what contracted ; the tube then dilates as It passes backward into the middle 
ear cavity ; it is lined by mucous membrane, which is continued into the 
middle ear and mastoid Cell*. 

The Function of the Ear, as a whole, is the reception and transmis- 
sion of aerial vibrations to the terminal orgous concealed within the in- 
ternal ear and which are connected with the auditory nerve fibers. The 
excitation of these end organs caused by the impact of the vibrations 
arouses in the auditory nerve impulses which are then transmitted to the 
brain, where the hearing process takes place. In order to appreciate the 
functions of the individual parts of the ear a few of the chatacletistics of 
sound waves must be kept in mind. 

Sound \VaveB. — All sounds are Caused by vibrations in the atmosphere 
hich have been communicated to it by vibrating elastic bodies, sHch as 
lembranes, strings, rods, etc. These vibrating Imdies produce in the air 

to-and-fro movement of its particles, resulting in a scries of alternate 
condensations and rarefactions, which are prt^agaled in all directions. A 
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icilUtion of a particle of air forward and backward conslilDtcsa 
■ Knind-wave. Musical sounds are caused by a succession of regular waves, 
which follow each other with a certain rapidilj. Noises are caused by the 
impact of a series of irregular waves. 

'All sound waves possess intensity, pilch, atid quality. The inleasily, or 
loudness, of a souod depends upon llie aniplilude of the vibrations or the 
extent of its excursioo. The pi/ch depends upon the number of vibrations 
which affect the auditor}' oetve in a second of time ; the pilch of the note 
C, the first below the legei line of the musical scale, is caused by 256 
vibratioos per second; the pitch of the same note an octave higher is 
caused by 512 vibrations per second. If the vibrations are too few per 
second they fail to be perceived as a continuous sound ; Ihe mininnm 
number of vibrations capable of producing a sound bas been tixed at 16 per 
secood; the highest pitched musical note capable of being heard has been 
shown to be due to 38,000 vibrations per second. In the ascent of the 
musical scales there is, therefore, a gradual increase in the number of vibra- 
tions and a gradual increase in the pitch of the sounds. Between the two 
ts the range of audibility, which embraces eleven octaves, 
B of which seven are employed in the musical scale. 

ilily of sound depends upon a combinatinn of the fundamental 
I tibralion with certain secondary vibrations of subdivisions of the vibrating 
I body. These so called over-tones vary in intensity and pilch, and by 
E taodifying the form of the primary wave produce that which is termed the 
I qdality of sound. 

Function of the Pinna and Kztemal Auditory Canal. — Id those 
r animals possessing movable ears, the pinna plays an important part in the 
n of sound-waves. In man, in whom the capability of moving the 
[ pinna has been lost, it is itoubiful if it is at all necessary for hearing. 
[ Nevertheless, an individual with dull bearing may have the perception of 
I uund increased by placing the pinna at an angle of 45 degrees to the side 
I of the head. The exltrnal auiiilory canal transmits the sonorous vibra- 
l dons to the tympanic roerabrane. Owing to the obliquity of this canal it 
I has been supposed that the waves, concentrated at the concha, undergo a 
reflections on their way to tbe tympanic membrane, and, owing to 
[ the position of this membrane, slrihe it almost perpendicularly. 

Function of the Tympanic Membrane. — The fnnclion of the tyro- 
janic membrane appears to be the reception of sonnd vibrations by being 
iirown by them into reciprocal vibrations which correspond in intensity and 
amplitude. That this menibrane actually reproduces all vibrations within 
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the range of audibllily has been experimeolally demonstraled. The m 
brane nol being fixed, as far as ila lension is coocerned, does not possess ■ 
fixed fundamental nole, like a stalioiiiirj fised membrane, and is therefore 

'ell adapted for the receplioo of one set of 

nade possible by variations in its tension in accordance with (he 
pitch of the sounds. In the absence of all sound the membianc is in a 
condition of relaxation ; with the advent of sound-waves possessing a 
gradual increase of pitch, as in the asceot of the musical scale, the tension 
of the tympanic membrane is gradually increased until its maximum ten- 
sion is reached at the upper limit of the range of audibililj'. By thit 
change in tension certain tones become perceptible and distinct, while 
others became indistinct and inaudible. 

Function of the Tensor Tympani Muscle. — The function of this 
muscle is, as its name indicates, to increase the lension of the membrane in. 
accordance with the pitch of the sound wave. The tendon of this muscle 
playing over the processus cochlear! formis and atlaclied at almost a right 
angle to the handle of the malleus will, when the muscle contracts, pull the 
handle inward, increase the convexity of the membrane, and at the same 
time increase its lension ; with the relaxation of this muscle, the handle of 
the malleus passes outward and the tension is diminished. The contrac- 
tions of the tensor muscle are reflex in character and excited by nerve 
impulses reaching it through the small petrosal nerve and otic ganglion. 
The number of nerve stimuli passing lo the muscle and determiuing the 
d^ec of contraction will depend npon the pitch of the sound wave and the 
subsequent excitation of Ibe auditory nerve. The tensor lympani muscle 
may be regarded as an accommodative apparatus by which the tympanic 
membrane is adjusted to Enable it la receive vibrations of varying degrees 

Function of the Ossicles.— The function of the chain of bones is to 
transmit the sound wave across the lympanic cavity lo the internal ear. 
The first of these bones, the malleus, bnng attached lo the lympanic mem- 
brane, will lake up (be vibrations much more readily than if no membrane 
intervened. Owing to the character of the articulations, when the handle 
of the malleus is drawn inward, the position of the bones is so changed 
that they form practically a solid rod, and are therefore much better adapted 
for the transmission of molecular vilirations than if the articulaliotis remained 
loose. As ihe stapes bone is somewhat shorter than the malleus, its vibra. 
tioni are smaller than those of the lympanic membrane, and by this 
«rrangeraenl ihe amplitude of the vibrations is diminished, but their force 
atcreated. 
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The Function aS tbe Stapediua Muscle is, according to Heale, (o fix 
lihe stapes bone so as lo giteveiu too great a movement from being cotniauni- 
cated to it from the incu; and transmitted to the perilymph. It may be 
looked upon, therefore, as a proleciive muscle. 

The Function of the Eustachian Tube 19 to maintain a free com- 
munication between the cavity of the middle eat and nasu-phaiynx. Tbe 
pressure of air within and without the ear is thus equalized, and the vibra- 
tions of the tympanic membrane permitted lo attain their maximutn, one of 
the conditions essential for (he reception of sound waves. The impairment 
in the acuteoess of hearing which is Caused by an unequal pressure of the 
^r in the middle ear can be shown : — 
I. By closing the mouth and nose and forcing air fiom the lungs through 

the Eustachian lube into the ear, producing an increase in preesuic. 
X. B;clo«ng the nose and mouth, and making efforts at deglutition, which 
withdraws the sir from the ear and diminishes its pressure. In both in- 
stances the free vibrations of the tympanic membrane are interfered with. 
Tbe pharyngeal orifice of the EuslBcbian lube is opened by the action of 
certain of the muscles of deglutition, viz. : the levator palati, tensor 
palali, and the palato-pharyngei muscles. 

The Internal Ear, or Labyrinth, is located in the petrous portion of 
e temporal bone, and consists of an osseous and membranous portion. 
The Osseous Labyrinth is divisible into three parts, vii.: the vesti- 
luile, the semicircular canals, and the cochlea. 

The v^slibtiU is a small, iriangulai cavity, which communicates with the 
middle ear by the foramen ovale; in the natural condition it is dosed by 
flic base of the stapes bone. TheGlaments of the auditory nerve enter the 
festihule ihrongh small foramina in the inner wall, at the fovea hcmi- 

The semuircttlar canah are three in number, the superior vertical, the 
inferior vertical, and the horizontal, each of which opens into the cavity of 
the vestibule by two openings, with the exception of the two vertical, which 
at one extremity open by a common orifice. 

The cochlea forms the anterior pari of the internal ear. It is a gradually 
tapering canal, about ij inches in length, which winds spirally around a 
central aiis, the modielus, 2\ times. The interior of the Cochlea is partly 
divided into two passages by a thin plate of bone, the lamina osseous spir- 
alis, which projects from the central axis J across the canal. These 
passages are termed the scala vesli^uii and the scalii lympani, from their 
with the vestibule and tympanum. The scala lympsni 
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eommunicates wilb ihe middle ear through Ihe foramen rohindum, vhicb, 
in Ihe nalurai condition, is closed by the id membrana lympani ; superiorly 
they are united by an opening, ibe helicotrenia. 

The whole anterior of the labyrintb, the vestibule, the semicircular Canals, 
and the scala of the cochlea, contains a clear, limpid fluid, Ike ffrilymj/h, 
secreted by the periosteum lining the osseous walls. 

The Membranous L.abyTiiith corresponds lo the osseoas labyrioth 
with respect to form, though somewhat smaller in si^. 

The vestibular portion consists of two small aacs, the utricle and 
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commutiicale with the vestibule. The snceult com- 
nbranous cochlea by the caiialii reuniens. Id the 
; of the auditory m 
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s with the n 
iolerior of the utricle and saccule, a 
small masses of carbonate of lime crystals, conslituting the atolilhi. Their 
function is unknown. 

The meiriiranous CDchlia ii a closed tube, commencing by a blind 
eilreroity at the iirst turn of the cochlea, and terminating at its apei by ■ 
blind extremity also. It is silualcrf between the edge of tMe csieoiu lamina 
spiralis and Ihe Outer wall of the bony cochlea, and follows it in its turns 
around the modiolus. 

A transverse section of Ihe cochlea shows that it is divided into two 
portions by the osseous lamina and the basilar membrane : — 
I. The scala vestibuU, bounded by the periosteum and membrane of 

Reissner. 
3. The scala lympani, occupying the inferior portion, and hounded above 

by Ihe septum, composed of the osseous lamina and the membrana 

basilaris. 

The Irut membranous canal is situated between the membrane of Reiss- 
ner and Ihe basilar membrane. It is triangular in shape, but is partly 
divided into a triangular portion and a quadrilateral portion by the tectorial 
membrane. 

The organ of Corli is situated in the quadrilateral portion of the canal, 
and consists of pillars of rods of the consistence of cartilage. They are 
arranged in two rows — the one internal, the other external ; these rods rest 
upon the basilar membrane ; their bases are separated from each older, but 
their upper eiltemilies are united, forming an arcade. In Ibe internal row 
it is estimated there are about 3Soo, and in the enternal tow about 5200 of 
these rods. 

On ihc inner side of the internal row is a single layer of elongated hair 
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cells ; on the outer surface of the externa] rov sre three such layers of hBir 
cells. Nolliitig defiaile is known as to their function. 

The endolymph occupies the inlerior of the ulricle, saccule, and mem- 
branous canals, and bathes the structures in the interior of the membraaous 

The Auditory Nerve a( the bottom of the interna) andilory mealui 
divides into— 
I. A vestibular braocb, which is diatribulcd to the ntriclc and semicircular 

Z. A cochlear braoeh, which passes into the central aiis at its base and 
_ ascends to its apex ; as it ascends, tibers are given olT, which pass between 
I the plates of the osseous lamina, to be ultimately connected with Ibe 
W organ of Cotti. 

The function of the semicircular canals appears to be 1o assist in main- 
taining the equilibrium of the body ; destruction of the venical canal is 
followed by an oscillation of the head upH'ard and downward ; destruction 
of the horizontal canal is followed by oscillations from left 10 right. When 
(he canals are injured on both sides, the animal loses the power of main- 
taining equilibrium upon making muscular movemenls. 

Futiclion of iki corhUii. It is regarded as possessing the power of 
appreciating [he quality of pilcb and the shades of dilTerent musical tones. 
The elements of the organ of Corli are analt^ous, in some reapecls, to a 
musical instrument, and are supposed, by Helmbollz, to be tuned so as to 
vibrate in unison with the different tones conveyed lo the internal ear. 

Summary. — The waves of sound are gathered together by the pinna 
and exiernal auditory meatus, and conveyed to the membrana tympani. 
This membrane, made tense or lax by (he action of the tensor lympani 
and laxator tympani muscles, is enabled lo receive sound waves of either 
a high or low pitch. The vibrations are conducted across (he middle ear 
by a chain of bones lo the foramen ovale, and by the column of air of 
(he tympanum to the foramen rolundum. which is closed by the 3d 
membrana tympani, the pressure of the air in the tympanum being regu- 
lated by ihe Euatscbiaa tube. 

The internal ear finally receives the vibrations, which excite vibrations 
successively in the perilymph, the vialls of the membranous labyrinth, the 
endolymph, and, lastly, the terminal filaments of the auditory nerve, by 
which they arc conveyed to Ibe braio. 
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VOICE AND SPEECH. 

The Larynx is the organ of voice. Speech is a modificalion of voice, 
produced by the teeth and Ihc muscles of the lips and tongue, 
Coordinaled in Lbeir aclion by stimuli dErived from the cerebrum. 
■ The Structures entering into Ihc formotion of the larynx are mmoly 
the thyroid, cricoid, and aryltnoid cartilages; they are so situated and 
united by means of ligaments and muscles as (o form a firm CartilaginoHB 
bon. The laryui is covered externally by fibrous tissue, and lined inter- 
nally with tnucous membiane. 

The Vocal Cords are four ligamentous bunds, ninning anleroposleri- 
Otty across the upper ponion of the larynx, and are divided into the two 
superior at false \ot:i>.\ cords, aod the tTuo inferior or (™? vocal cord»; 
they are attached unleriorly to the receding angle of ihe thyroid cartilages 
and posteriorly to the aoleiiot part of (he base of the arytenoid cartilages. 
The space lietweeii llie true vocal cords is the rima glotlidis. 

The Musclea which have a direct action opon the movements of the 
vocal cords are oioe in number, and take their names from their points of 
origin and insertion, viz. : the two crico-lkyroid, two Ihyro-aryienoid, two 
fosterior crieo-arytenoid, two lateral crico-arytinoid, and one arytenoid 
muscles. 

The crico-t/iyroid tavscX^, by their conltactioti, render the vocal cords 
niBrt lena by drawing down the anterior portion of the thyroid cartilage 
and approximating il to the cricoid, and at the same time tilting the poste- 
rior portion of the cricoid and arytenoid Cartilages backward. 

The thyro-arytenaid, hy their contraction, relax the vocal cords by draw- 
ing the arytenoid cartilage forward and the thyroid backward. 

The posterior crieo-arylenoid muscles, hy their contraction, rotate (he 
arytenoid cartilages outward and thus separate the vocal cords and enlarge 
■he aperture of the glottis. They principally aid (he respiratory movementg 
during inspiratian. 

Thelaltrol crieB-arytenBid muscles are antagonistic to the former, and 
by their contraction rotate the arytenoid cartilages so as to approximate the 
vocal cords and constrict the glottis. 

The arytenoid muscle assists in the closure of the aperture of the glottis. 

The inferior laryngeal nerve animates all Ihe muscles uf the larynx, with 

e exception of (he crico- thyroid. 

Hovemenia of the Vocal Cords. — During respiration the m 
of the vocal cords diHer from those occurring during the ptoductioi 






227 



At each imp'iralion the [rue vocal cords ore widely separated, and the 
aperture of the glollis is enlarged by the action of tbe crico-aryteaoid mus- 
cles, which rotate oulwatd the anterior angle of the base of Ihe arylenoid 
cartilages; at each fi/iVoAoB the larynx becomes passive; the elasticity of 
tbe vocal cords returns Ihem to their original position, and the air is forced 
out by Ihe elasticity of ihe luogsand the walls of the thorax. 

PhsttalioH. — As sooA as phonalion is about to be accomplished a marked 
change in the glotlis is noticed nilh the aid of tbe laryngoscope. The tnie 
vocal cords suddenly become approxiinaled and are made parallel, giving 
to the glollis the appearance of a narrow slii, the edges of which are capa- 
ble of vibrating accuralely and rapidly ; at the same time iheir tension is 
much increased. 

With the vocal cords thus prepared, the expiratory muscles force tbe 
column of air into the lungs and trachea through the glolLis, throwing the 
edges of tbe cords into vihration- 

Tbe/iVf^ of sounds depends upon the extent to which the vout cords 
are made tense and ibe lenglb of the aperture through which the air passes. 
In the production of sounds of a high pitch, the tension of the vocal cords 
becomes very marked and the glottis diminished in length. When grave 
sounds having a low pilch are emitted from the larynx, the vocal Cords are 
less tense and their vibrations are large and loose. 

The quality of voice depends upon the length, size, and thickness of the 
cords, and the size, form, and construction of the trachea, larynx, and the 
resonant cavities of the pharynx, nose, and mouth. 

The compass of tbe voice compfehetids from two lo three octaves. The 
range is different in tbe two sexes, the lowest note of tbe male being about 
one octave lower [ban the lowest note of the female ; while the highest note 
of Ibe male is an octave less than the highest note of the female. 

Tbe varie/its of voices, e.g., bass, baritone, tenor, contralto, mezio- 
soprano, and soprano, are doe to the length of the vocal cords, being 
longer when the voice has a low pitch, and shorter when it has a high pitch. 

Speech is the faculty of expressing ideas by means of combinations of 
soands, in obedience to the dictates of Ihe cerebrum, 

Arliculatt sounds may be divided into voviils and consonants. The vowel 
sounds, a, e, i, o, u, are produced in the larynx by the vocal cords. The 
cenietiiin/ sounds are produced in Ibe air passages above tbe larynx by an 
interruption of Ihe current of air by the lips, tongue, and teeth ; th> conso- 
nants may be divided into ; — 
. Mules, b,d. k,f,l, e.g. 
-a. Dentals, rf./i, I, c. 



^^^^B 3. Nasals, n 

^^^B 4. Labials, i,fi,/, 

^^^^H 5- Gnlturals, ^.^, iT, BDd f hard. 

I 

^^H pi! 



6. Liquids, /, n 
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REPRODUCTION. 

the funclion by which the species ia preserved, and 



GENERATIVE ORGANS OF THE FEMALE. 

The Generative Organs of the Female consist of Ihe ovaries, Fallo- 
pian lubes^ uterus^ and vagina. 

The Ovaries are two small, ovoid, flaltened bodies, measuring i}4 
ngth and ^ of an inch in width ; Ihey are situated in the cavJiy 
of llie pelvis, and imbedded in ihe posterior layer of the btoad ligament; 
attached to the utenis by a round ligament, and to the extremities of the 
Fallopian lubes by the fimbria. The ovaiy consists of an external mem- 
brane of fibrous tissue, the eorlUal portion, in which are imbedded the , 
Graafian ■vtsichs, and an internal portion, the stroma, containing blood- 

The Graafian Vesicles are exceedingly numerous, but situated only in 
the cottlcal portion. Although the ovary contains the vesicles from the 
period of birth, il is only at the period of puberty that tbey attain iheir full 
development. From this titne onward to the calameniul period there is a 
constant growth and mmurarion of the Graafian vesicles. They consist of 
■n external investment, composed of fibrous tissue and blood-vessels, in the 
interior of which is a layer of cells forming the mtmbrana granulosa; at 
ils lower portion there is an accnmnlalion 0/ cells, the proUgervus disc, in 
which the ovum is contained. The Cavity of the vesicle conlaios a slighlljr 
yettowish, alkaline, albuminous Ruid. 

The Ovum is a globular body, measuring about the y^j of an inch in 
diameter; it consists of an external investing membrane, the vUilline mem- 
/•nine: a central granular substance, the vilillus, or yelk ; a nucleus, lbs 
girminal vesicle, in the interior of which is imbedded the nncleoliu, or 
germinal spot. 
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The Fallopian Tubes are aboat four inches in Icnglh, and exlend cut- 
waril from the upper angles of the ulerus, betveea the folds of the broad 
ligamsnls, and lerminaie in a fringed eKlrcraily which is attached by one 
of the fiinges to the ovary. They Consist of three coats; — 

1. The exlcrnal, or peritoneal. 

2. Middle, or muscular, the fibers of which a 
longiludioal direction. 

3. Internal, or mucous, covered with ciliated epithelial cells, which are 
always waving from the ovary toward the uterus. 

The Uterus is pyriform In shape, and may be divided into a body and 
neck; it measures about three inches in length and two inches in breadth 
in the unimpregnaled state. At the lower extremity of the neck is the 01 
etlernum; at the junctiuo of the neck with the body is a constriction, the 
OS internum. The cavity of the uterus is triangular in shape, the walls of 

The walls of the ulerus are made up of several layers of non-strialed 
moscular Bbers, covered externally by peritoneuDi, and lined internally by 

ciliated epithelial cells. 

The Vagina is a membranous canal, from bve to six inches in length, 
situated between the rectum and bladder. It extends obliquely upward 
from the surface, almost to the brim of the pelvis, and embraces at its 
upper extremity the oeck of the uterus. 

Discharge of the Ovum. — At the Graafian vesicle matures, it increases 
in size, from an augmentalion of its liquid contents, and approaches the 
surface of the ovary, where it forms a projection, measuring from ^ to 
}i an inch in size. The maturation of the vesicle occurs periodically, 
about every twenty-eight days, and is attended by the phenomena of men- 
struation. During this period of active congestion of the reproductive 
oi^ans, the Graafian vesicle ruptures, the ovum and liquid contents escape, 
and are caught by the fimbriated extremity of the Fallopian tube, which has 
adapted itself to the posterior surface of the ovary. The passage of the 
ovum through the Faliopian tube into the ulerus occupies from ten to four- 
teen days, and is accomplished by muscular contraction and the action of 
the ciliated epithelium. 

Meristruation is a periodic discharge of blood from the mucous mem- 
brane of the uterus, due to a fatty deg-eneration of the small blood-vessels. 
Under the pressure of an increased amount of blood in the reproductive 
s, attending the process of ovulation, the blood-vessels rupture, and a 
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iome time anlcrior to Ibe rupture of a Graafian 
vesicle, U increases in size aotl becomes vascular; its walls become thick- 
eoed from the deposition of a leddish -yellow, glutinous substance, a f 
duct of cell growth from the propel' coat 0/ the follicle and the membii 
granulosa. After the ovum escapes, there is usually a small effusion 
blood iota tbe cavity of the follicle-, wbicb soon coagulates, loses its color- 
ing matter, and acquires the characteristics of fibrin, but it lakes no part 
the fonnalioo of Che Corpus luteum. The walls of the follicle become ci 
voluled, vascular, and undergo hypertrophy, until Ihey occupy the whole 
of the follicular cavity. At its period of fullest development, the Corpus 
luteum measures ^ of an inch in length and J^ au inch in depth. 
few weeks the mass loses its red color and becomes yellow, constituting 
tlie (orpus tutttim, or yillo-w body. It then begins to retract and becomes 
pale 1 and at ibe end of two months nothing ti 

upon the surface of the ovary. Such are the changes in the follicle if the 
ovum has not been impregnated. 

The corpus luleum, afler impregnation has taken place, undergoes a much 
slower development, becomes larger, and conlinues during the entire period 
of gealation. The difference betweeo the corpus luleum of the unimpreg- 
oated and pregnant condiliun is expressed in the following table by Dalton ;- 

Csrput Luttum of Menitruation. Corpui Luteum ot Pregnancy. 
At the end of Three -quarters of an inch in diameter; central clot red- 
three weeks, dish; convoluted wall pale. 



Smalle 
wall bright yellow 1 clot 
still reddish. 

Reduced to the Condi 



Seven-eigblhs of an inch in 
diameter ; convoluted wall bright 
yellow; clot perfectly decolor 

Seveii-eighlLs of an inch it 
diameter; clot pale and fibrinous 
convoluted wall dull yellow. 

Still as large as at the end of 
second month; clot fibrinous; 
convoluted wall paler. 

flalfan inch in diameter; 
iral clot converled into a la 
ing cicatrix ; external wall toler- 
ably thick and convoluted, but 
'" 3ul any bright yellow color. 
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GENERATIVE ORGANS OF THE MALE. 

The Generative Organs of the Male consist of the testicles, \»sa 
deferentU, ve^icula: seminales, and penis. 

The Testicles, the essential organs of reproduction in the male, are two 
oblong glands, about l^ inches in length, compressed from side lo side, 
nnd situated in the cavii^ of the scrotum. 

The proper coat of Ihc testicle, the funka albuginta, is a white, fibrous 
slruclnre, aboul ihe jV of an inch in thickness ; after enveloping Ihe teslicle, 
it is reflected into its interior at ihe posterior border, and forms a vertical 
process, Vhc mtdiasiinum tisles, from which aepla are given off, dividing 
the testicle in lobules. , 

The substance of the testicle is made apa{'CaRsiminifirBustubttIes,ii\At\ 
exist [0 the number of 840; the; are exceeding!; convoluted, and when un- 
raveled are about 30 ioches in length. As they pass toward the apices of 
the lobutes, ihey become less convoluted, and terminate in from 20 (0 30 
straight ducts, the vasa Ticla, which pass upward through the mtdiasHnum 
and constitute the re!i testis. At the upper part of the mediastinum the 
tubules unite lo form from 9 10 30 small ducts, the vasa effereniia, which 
become convoluted and form lhe^/oii»fi major of the tpididymis ; Ihe Con- 
tinuation of the tubes downward behind Ihe testicle and a second convolu- 
tion constitutes the body a-vAglobus minor. 

The seminal tubule consists of a basement membrane lined by granular 
nucleated epithelium. 

The Vas Deferens, the excretory duct of the testicle, is about two feet 
in length, and may t>e traced upward from the epididymis to the under sar- 
face of the base of the bladder, where it unites with the duct of Ihe vesicula 
seminalis to form the ejaculatory duct. 

The Vesiculse Seminales are two iobulaied, pyriform bodies, about 
two inches in length, situated oq the inner surface of the bladder. 

They have an external tibrous coat, a middle muscular coat, and an 
internal mucous coat, covered by epithelium, which secretes a mucous Buid. 
The vesiculse seminales serve as reservoirs, in which the seminal fluid is 
temporarily stored up. 

The Ejaculatory Duct, about ^ of an inch in length, opens into the 
urethra, and is formed by the union of the vasa deferenlia and the ducts of 
the vesiculae seminales. 

The Prostrate Gland surrounds the posterior extremity of the urethra, 
and opens into it by from 20 lo 30 openings, the orifices of the prostalie 



tuiu/ci. The gland secteles a fluid which forms part of the semea and 
assists in mainlMiiLng the vitality of the spermatozoa. 

Semen is a complex fluid, made up of the secretions from the testicles, 
the veaicula seminales, ibe prostatic anil urcthtnl glands. It is grayish, i 
white in color, mucilaginous in consistence, of a cbarBCleristic odor, 
somewhat heavier Ibaii water. From half a dram to a dram is ejaculated 
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ir anatomical elements, developed within 
is the power of spontaneous movement, 
noidal head and a long, filamentons tail. 
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The spermatt 

a vas deferens they are quiescent, but when free to move in the fluid of the | 
vesicaUe semitiales become very active. 

Origin. — The spermatozoa appear at the age of puberty, and are then 
constantly formed until ao advaoced age. They are developed from the 
nuclei of large, round Cells contained in the anterior of the seminal tubules, 
OS many as 15 to 30 developing in a single cell. 

When the spermatozoa are introduced into the vagina, Ihey pass readily 
into the uterus and through the Fallopian tubes toward Ihe ovaries, where 
they remain and retain their vitality for a period of from eight to ten days. 

Fecundation is the union of tbe spermatozoa with the ovum during iti 
passage toward the uterus, and usually takes place in the Fallopian tube, 
just outside of the womb. After lloating around the ovum in an active man- 
ner, they penetrate the vitellioe membrane, pass into the interior of ibe 
vilellua, where they lose tbeir vitality, and along with the germinal vesicle 
entirely disappear. 

DEVELOPMENT OF ACCESSORY STRUCTURES. 

Segmentation of the Vitellus. — After the disappearance of the sperma- 
loioa and tbe germinal vesicle there remains a Irans^iarent, granular, albu- 
minous substance, in tbe center of which a new nucleus soon appears; Ihia 
constitutes ibe parent itlli, and is the first stage in the dcveiopmenl of the 

Following (bis, the viiellus undergoes stgmtnlalien ; a constriction ap- 
pears on the opposite side of Ihe vitellus, which gradoally deepens, until tbe 
yelk is divided into two segments, e:ach of which has a distinct nucleus and 
nucleolus; these Ino segments undergo a further division into four, the 
four into eight, the eight into others, and so un, until the entire vitellus is 
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divided into a great number of cells, each of which contains a nucleus and 
nucleolus. 

The peripheral cells of this " mulberry mass " then arrange themselves 
so as to form a membrane, and as they are subjected to mutual pressure, 
assume a polyhedral shape, which gives to the membrane a mosaic appear- 
ance. The central part of the vitellus becomes filled with a clear fluid. A 
secondary membrane shortly appears within the first, and the two together 
constitute the external and internal blastodermic membranes. 

Germinal Area. — At about this period there is an accumulation of cells 
at a certain spot upon the surface of the blastodermic membranes which 
marks the position of the future embryo. This spot, at first circular, soon 
becomes elongated, and forms \ht primitive trace, around which is a clear 
space, the area pellucida, which is itself surrounded by a darker region, 
the area opaca. 

The primitive trace soon disappears, and the area pellucida becomes 
guitar-shaped; a new groove, the medullary groove, is now formed, which 
develops from before backward, and becomes the neural canal. 

Blastodermic Membranes. — The embryo, at this period, consists of 
three layers, viz. : the external and internal blastodermic membranes, and a 
middle membrane formed by a genesis of cells from their internal surfaces. 
These layers are known as the epiblast, mesoblast, and hypoblast. 

The epiblast gives rise to the central nervous system, the epidermis of the 
skin and its appendages, and the primitive kidneys. 

The mesoblast gives rise to the dermis, muscles, bones, nerves, blood- 
vessels, sympathetic nervous system, connective tissue, the urinary and re- 
productive apparatus, and the walls of the alimentary canal. 

The hypoblast gives rise to the epithelial lining of the alimentary canal 
and its glandular appendages, the liver and pancreas, and the epithelium of 
the respiratory tract. 

Dorsal Laminae. — As development advances, the true medullary 
groove deepens, and there arise two longitudinal elevations of the epiblast, 
the dorsal lamina, one on either side of the groove, which grow up, arch 
over, and unite so as to form a closed tube, the primitive central nervous 
system. 

The Chorda Dorsalis is a cylindrical rod running almost throughout 
the entire length of the embryo. It is formed by an aggregation of meso- 
blastic cells, and situated immediately beneath the medullary groove. 

Primitive Vertebrae. — On either side of the neural canal the cells of 
the mesoblast undergo a longitudinal thickening, which develops and ex- 
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tends around the neural canal and the chorda dorsalis, and forms the arches 
and bodies of the vertebrae. They become divided transversely into four- 
sided segments. 

The mesoblast now separates into two layers; the external, joining with 
the epiblast, forms the somatopleure ; the internal, joining with the hypo- 
blast, forms the splanchnopUure ; the space between them constituting the 
pleuro-peritoneal cavity. 

Visceral Laminae. — The walls of the pleuro-peritoneal cavity are 
formed by a downward prolongation of the somatopleure (the visceral 
lamina) f which, as they extend around in front, pinch off a portion of the 
yelk sac (formed by the splanchnopleure), which becomes the primitive 
alimentary canal ; the lower portion, remaining outside of the body cavity, 
forms the umbilical vesicle, which after a time disappears.' 

Formation of Petal Membranes. — The amnion appears shortly 
after the embryo begins to develop, and is formed by folds of the epiblast 
and external layer of the mesoblast, rising up in front and behind and on 
each side; these amniotic folds gradually extend over the back of the 
embryo to a certain point, where they coalesce and enclose a cavity, the 
amniotic cavity. The membranous partition between the folds disappears, 
and the outer layer recedes and becomes blended with the vitelline mem- 
brane, constituting the chorion, the external covering of the embryo. 

The Allantois. — As the amnion develops, there grows out from the 
posterior portion of the alimentary canal a pouch, or diverticulum, the 
allantois, which carries blood-vessels derived from the intestinal circulation. 
As it gradually enlarges, it becomes more vascular, and inserts itself be- 
tween the two layers of the amnion, coming into intimate contact with the 
external layer. Finally, from increased growth, it completely surrounds 
the embryo, and its edges become fused together. 

In the bird, the allantois is a respiratory organ, absorbing oxygen and 
exhaling carbonic acid ; it also absorbs nutritious matter from the interior 
of the egg. 

Amniotic Fluid. — The amnion, when first formed, is in close contact 
with the surface of the ovum; but it soon enlarges, and becomes filled 
with a clear, transparent fluid, containing albumin, glucose, fatty matters, 
urea, and inorganic salts. It increases in amount up to the latter period of 
gestation, when it amounts to about two pints. In the space between the 
amnion and allantois is a gelatinous material, which is encroached upon 
and finally disappears as the amnion and allantois come in contact, at about 
the fifth month. 



The Chorion, the cslemal iiiveslmenl of the embryo, is fornied by a 
fusion of the original vitelline membrine, the enternal layer of the amnion, 
and the allaotois. The external surface now becomes covered wilh Tillous 
processes, which increase in number and size by the continual budding 
and growth of club-shaped processes from the main stem, and give lo the 
chorion a sha^y appearance. They consist of i homogeneous granular 
matter, and are penetrated by branches of the blood-vessels deriTed from 
the anna. 

The presence of villous processes ii 
of the previous eitlslence of a fetu 
chorion, and are found under no other 

At about Ihe end of the second month the villosilies begin to atrophy 
and disappear from the snrface of ihe chorion, with the exception of those 
sitHBted at the pcrints of entrance of tlie fetal blood- vessels, which occupy 
about '/^ of its surface, where they continue to grow longer, become more 
vascular, and ultiniBlely assist in the formation of the placenta; the remain- 
ing % of the surface loses its villi and blood-vessels and becomes a simple 



The Umbilical Cord connects the fetus with that portion of the 
chorion which forms the fetal side of the placeola. It is a process of the 
allantois, and contains two arteries and a vein, which have a more or less 
spiral direction. It appears at Ihe end of the Rrsl month, and gradually 
increases in length, until, at the end of gestation. It measures about 20 
inches. The cord is also surrounded by a process of the amnion. 

Development of the Decidual Membrane.— The interior of the 
uterus is lined by a thin, delicate mucous membrane, in which are im- 
bedded immense numbers of tubules, terminating in blind extremities, the 
iileriiit lubah!. At each period of menstruation the mucous membrane 
becomes thickened and vascular, which condition, however, disappears 
after the usual menstrual discharge. When the ovum becomes fecundated, 
the mucous membrane takes on an increased growth, becomes more hyper. 
trophied and vascular, sends up little processes or elevations from its sur- 
face, and constittiles the decidua vera. 

As the ovum posses from the Fallopian tube into the interior of the 
uterus, the primitive vitelline membrane, covered with villosilies, becomes 
entangled wilh the processes of the mucous membrane. A portion of the 
decidua vera then grows up on all sides and encloses the ovom, forming 
the decidua reflexa, while the villous processes of the chorion iosett them- 
selves into the uterine tubules and in the mucous membrane between 
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As develripTDeiit advances Ihe decidas Tetiexa ii 
■bout the end of ibe fonrtb month comes in contac 
with which it is ullimately fused. 

The Placenta.— or all the embryonic structures, the placenta is the 
nuMt important. It is formed in the third month, and Iben increases in size 
until the seventh month, when a retrogressive melamorphosia takes place 
until its separation during labor, at which time it is of an oval or rounded 
shape, and measures from seven to nine inches in length, sii to eight inches 
in breadth, and weighs from 15 to zo ounces. It is most frequently situnted 
St the upper and posterior part of the inner surface of Ihe uterus. 

The placenta consists of two ponions, a fetal and a matemai. 

The fetai pBrtion is formed by Ihe villi of the chorion, which, by devel- 
oping, rapidly iacrease in sise and Dumber. They become branched and 
penetrate the uterine tubules, which enlarge and receive their many ramifi- 
cations. The capillary blood-vessels in the anterior of the villi also enlarge 
and freely anastomose with each other. 

The maternal porlioH is formed from that part of the hypertrophied and 
vascular decidual membrane between the ovum and the ulerus, the dtiidaa 
sirotina, Ai Ibe placenta increases in siie, the maternal blood-vessels 
around the tubules become more and more numerous, and gradually fuse 
together, forming great lakes, which constitute sinuses in the walls of the 

As the latter period of gestation approaches, the villi extend deeper into 
Ihe decidua, while the sinuses in the maternal portion become larger and 
extend further into the choiion. Finally, from excessive development of 
the blood-vessels, the structures between them disappear, and as their walls 
come in contact, they fuse together, so that, allimalely, the maternal and 
fetal blood are only separated by a thlu layer of a homogeneous substaoce. 
When fully formed, the placenta consists principally of blood-vessels inter- 
lacing in every tiireclioti, The blood of the mother passes from the ttterioe . 
vessels ialo the lake surrounding Ibe villi; the blood from the child Rows 
from the umbilical arteries into the interior of the villi; but there is not at 
any time an intenningUng of blood, the two being separated by a delicate 
membrane formed by a fusion of the walls of the blood-vessels and the 
walls of the villi and uterine sinuses. 

The function of the placenta, besides nutrition, is Ihat of a respiratory 
trgan, pemtitling the oxygen of the maternal blood to pass by osmosis 
Ibrough the delicate placental membrane into the blood of the fetus; al 
the same time permitting the carbonic acid and other waste products, the 
result of Dulrilive changes in the fetus, to pass into the maleroal blood, and 
so 10 be carried la Ihe various eliminating organs. 



REPRODUCTION. 237 

Through the placenta also passes all the nutritious materials of the 
maternal blood which are essential for the development of the embryo. 

At about the middle of gestation there develops beneath the decidual 
membrane a new mucous membrane, destined to perform the functions of 
the old when it is extruded from the womb, along with the other embryonic 
structures, during parturition. 

DEVELOPMENT OF THE EMBRYO. 

Nervous System. — The cerebro- spinal axis is formed within the me- 
dullary canal by the development of cells from its inner surfaces, which as 
they increase fill up the canal, and there remains only the central canal of 
the cord. The external surface gives rise to the dura mater and pia mater. 
The neural canal thus formed is a tubular membrane; it terminates pos- 
teriorly in an oval dilatation, and anteriorly in a bulbous extremity, which 
soon becomes partially contracted, and forms the anterior, middle, and pos- 
terior cerebral vesicles, from which are ultimately developed the cerebrum, 
the corpora quadrigemina, and medulla oblongata, respectively. 

The anterior vesicle soon subdivides into two secondary vesicles, the 
larger of which becomes the hemispheres, the smaller the optic thalami ; 
the posterior vesicle also divides into two, the anterior becoming the cere- 
bellum, the posterior the pons Varolii and medulla oblongata. 

About the seventh week the straight chain of cerebral vesicles becomes 
curved from behind forward and forms three prominent angles. As devel- 
opment advances, the relative size of the encephalic masses changes. The 
cerebrum, developing more rapidly than the posterior portion of the brain, 
soon grows backward and arches over the optic thalami and the tubercula 
quadrigemina; the cerebellum overlaps the medulla oblongata. 

The surface of the cerebral hemispheres is at first smooth, but at about 
the fourth month begins to be marked by the future fissures and convolu- 
tions. 

The Eye is formed by a little bud projecting from the side of the anterior 
vesicle. It is at first hollow, but becomes lined with nervous matter, form- 
ing the optic nerve and retina ; the remainder of the cavity is occupied by 
the vitreous body. The anterior portion of the pouch becomes invaginated 
and receives the crystalline lens^ which is a product of the epihlast, as is 
also the cornea. The iris appears as a circular membrane without a cen- 
tral aperture, about the seventh week; the eyelids are formed between the 
second and third months. 

The Internal Ear is developed from the auditory vesicUy budding from 
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the 3d cerebral vesicle ; the membranous vestibule appears first, and from 
it diverticula are given off, which become the semicircular canals and 
cochlea. 

The cavity of the tympanum, the Eustachian tube, and the external 
auditory canal are the remains of the first branchial cleft, the cavity of this 
cleft being subdivided into the tympanum and external auditory meatus by 
the membrana tympani. 

The Skeleton. — The chorda dorsalis, the primitive part of the vertebral 
column, is a cartilaginous rod situated beneath the medullary groove. It 
is a temporary structure, and disappears as the true bony vertebrae develop. 
On either side are the quadrate masses of the mesoblast, the primitive ver- 
tebrae, which send processes upward and around the medullary groove, and 
downward and around the chorda dorsalis, forming in these situations the 
arches and bodies of the future vertebrae. 

More externally the outer layers of the mesoblast and epiblast arch 
downward and forward, forming the ventral laminae, in which develop the 
muscles and bones of the abdominal walls. 

The true cranium is an anterior development of the vertebral column, 
and consists of the occipital, parietal, and frontal segments, which corre- 
spond to the three cerebral vesicles. The base of the cranium consists, at 
this period, of a cartilaginous rod on either side of the anterior extremity 
of the chorda dorsalis, in which three centers of ossification appear, the 
bast-occipital, the basisphenoidaly and the pre sphenoidal. They ultimately 
develop into the basilar process of the occipital bone and the body of the 
sphenoid. 

The entire skeleton is at first either membranous or cartilaginous. At 
the beginning of the second month centers of ossification appear in the jaws 
and clavicle ; as development advances, the ossific points in all the future 
* bones extend, until ossification is completed. 

The limbs develop from four little buds projecting from the sides of the 
embryo, which, as they increase in length, separate into the thigh, leg, and 
foot, and the arm, forearm, and hand ; the extremities of the limbs undergo 
subdivision, to form the fingers and toes-. 

Face and Visceral Arches.— In the facial and cervical regions the 
visceral laminae send up three processes, the visceral arches, separated by 
clefts, the visceral clefts. 

The first, or the mandibular arches, unite in the median line to form 
the lower jaw, and superiorly form the malleus. A process jutting from 
its base grows forward, unites with the frontonasal process growing from 
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above, and forms the upper jaw. When the superior maxillary processes 
fail to unite, there results the cleft-palate deformity ; if the integument also 
fails to unite, there results the hare-lip deformity. The space above the 
mandibular arch becomes the mouth. 

The second arch develops the incus and stapes bones, the styloid process 
and ligament, and the lesser cornua of the hyoid bone. The cleft between 
the first and second arches partially closes up, but there remains an open- 
ing at the side which becomes the Eustachian tube, tympanic cavity, and 
external auditory meatus. 

The third arch develops the body and greater cornu of the hyoid bone. 

Alimentary Canal and its Appendages. — The alimentary canal is 
formed by a pinchiiig off of the yelk-sac by the visceral plates as they grow 
downward and forward. It consists of three distinct portions, the fore gut, 
the hind gut, and the central part, which communicates for some time with 
the yelk sac. It is at first a straight tube, closed at both extremities, lying 
just beneath the vertebral column. The canal gradually increases in 
length, and becomes more or less convoluted ; at its anterior portion two 
pouches appear, which become the cardiac and pyloric extremities of the 
stomach. At about the seventh week the inferior extremity of the intestine 
is brought into communication with the exterior, by an opening, the anus. 
Anteriorly the mouth and pharynx are formed by an involution of epiblast, 
which deepens until it communicates with the fore gut. 

The liver appears as a slight protrusion from the sides of the alimentary 
canal, about the end of the first month ; it grows very rapidly, attains a 
large size, and almost fills up the abdominal cavity. The hepatic cells are 
derived from the intestinal epithelium, the vessels and connective tissue 
from the mesoblast. 

The pancreas is formed by the hypoblastic membrane. It originates in 
two small ducts budding from the duodenum, which divide and subdivide, 
and develop the glandular structure. 

The lungs are developed from the anterior part of the esophagus. At 
first a small bud appears, which, as it lengthens, divides into two branches; 
secondary and tertiary processes are given off these, which form the bron- 
chial tubes and air cells. The lungs originally extended into the abdomi- 
nal cavity, but became confined to the thorax by the development of the 
diaphragm. 

The bladder is formed by a dilatation of that portion of the allantois 
remaining within the abdominal cavity. It is at first pear shaped, and 
communicates with the intestine, but later becomes separated, and opens 
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exteriorly by the urethra. It is attached to the abdominal walls by a 
rounded cord, the urachus, the remains of a portion of the allantois. 

Genito-urinary Apparatus. — The Wolffian bodies appear about the 
thirteenth day, as long, hollow tubes running along each side of the primi- 
tive vertebral column. They are temporary structures, and are sometimes 
called the primordial kidneys. The Wolffian bodies consist of tubules 
which run transversely and are lined with epithelium ; internally they be- 
come invaginated to receive tufts of blood-vessels ; externally they open 
into a common excretory duct, the duct of the Woffian body, which unites 
with the duct of the opposite body, and empties into the intestinal canal 
at a point opposite the allantois. On the outer side of the Wolffian body 
there appears another duct, the duct of Mtiller, which* also opens into the 
intestine. 

Behind the Wolffian bodies are developed the structures which become 
either the ovaries or testicles. In the development of the female the 
Wolffian bodies and their ducts disappear ; the extremities of the Miillerian 
ducts dilate and form the fimbriated extremity of the Fallopian tubes, while 
the lower portions coalesce to form the body of the uterus and vagina, 
which now separate themselves from the intestine. 

In the development of the male the Miillerian ducts atrophy, and the 
ducts of the Wolffian body ultimately form the epididymis and vas defer- 
ens. About the seventh month the testicles begin to descend, and by the 
ninth month have passed through the abdominal ring into the scrotum. 

The kidneys are developed out of the Wolffian bodies. They consist of 
little pyramidal lobules, composed of tubules which open at the apex into 
the pelvis. As they pass outward they become convoluted and cup-shaped 
at their extremities, receive a tuft of blood-vessels, and form the Malpig- 
hian bodies. 

The ureters are developed from the kidneys and pass downward to be 
connected with the bladder. 

The Circulatory Apparatus assumes three different forms at diff"erent 
periods of life, all having reference to the manner in which the embryo 
receives nutritious matter and is freed of waste products. 

The vitelline circulation appears first and absorbs nutritious material 
from the vitellus. It is formed by blood-vessels which emerge from the 
body and ramify over a portion of the vitelline membrane, constituting the 
area vasculosa. The heart, lying in the median line, gives off two arches 
which unite to form the abdominal aorta, from which two large arteries 
are given off, passing into the vascular area ; the venous blood is returned 
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by veins which enter the heart. These vessels are known as the omphalo- 
mesenteric arteries and veins. The vitelline circulation is of short dura- 
tion in the mammals, as the supply of nutritious matter in the vitellus soon 
becomes exhausted. 

The placental circulation becomes established when the blood-vessels in 
the allantois enter the villous processes of the chorion and come into close 
relationship with the maternal blood-vessels. This circulation lasts during 
the whole of intra-uterine life, but gives way at birth to the adult circula- 
tion, the change being made possible by the development of the circulatory 
apparatus. 

The heart appears as a mass of cells coming off from the anterior por- 
tion of the intestine ; its central part liquefies, and pulsations soon begin. 
The heart is at first tubular, receiving posteriorly the venous trunks and 
giving off anteriorly the arterial trunks. It soon becomes twisted upon 
itself, so that the two extremities lie upon the same plane. 

The heart now consists of a single auricle and a single ventricle. A 
septum, growing from the apex of the ventricle, divides it into two cavities, 
a right and a left. The auricles also become partly separated by a septum 
which is perforated by the foramen ovale. The arterial trunk becomes 
separated, by a partition, into two canals, which become, ultimately, the 
aorta and pulmonary artery. The auricles are separated from the ven- 
tricles by incomplete septa, through which the blood passes into the ven- 
tricles. 

Arteries. — The aorta arises from the cephalic extremity of the heart and 
divides into two branches, which ascend, one on each side of the intestine, 
and unite posteriorly to form the main aorta ; posteriorly to these first aortic 
arches four others are developed, so that there are five altogether running 
along the visceral arches. The two anterior soon disappear. The third 
arch becomes the internal carotid and the external carotid ; a part of the 
fourth archy on the right side, becomes the subclavian artery, and the 
remainder atrophies and disappears, but on the left side it enlarges and be- 
comes the permanent aorta ; the fifth arch becomes the pulmonary artery 
on the left side. The communication between the pulmonary artery and 
the aorta, the ductus arteriosus^ disappears at an early period. 

Veins. — The venous system appears first as two short, transverse veins, 
the canals of Cuvier, fonned by the union of the vertebral veins and the 
cardinal veins, which empty into the auricle. The inferior vena cava is 
formed, as the kidneys develop, by the union of the renal veins, which, in 
a short time, receive branches from the lower extremities. The subclavian 
veins join the jugular as the upper extremities develop. The heart descends 
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in the thorax, and the canals of Cuvier become oblique ; they shortly com- 
municate by a transverse duct, which ultimately becomes the left innomi- 
nate vein. The left canal of Cuvier atrophies and becomes a fibrous cord. 
A transverse branch now appears, which carries the blood from the left car- 
diac vein into the right, and becomes the vena azygos minor; the right car- 
diac vein becomes the vena azygos major. 

Circulation of Blood in the Fetus. — The blood returning from the 
placenta, after having received oxygen and being freed from carbonic acid, 
is carried by the umbilical vein to the under surface of the liver; here a 
portion of it passes through the ductus venosus into the ascending vena cava, 
while the remainder flows through the liver and passes into the vena cava 
by the hepatic veins. When the blood is emptied into the right auricle it 
is directed by the Eustachian valve through the foramen ovale, into the left 
auricle, thence into the left ventricle, and so into the aorta to all parts of 
the system. The venous blood returning from the head and upper extremi- 
ties is emptied, by the superior vena cava, into the right auricle, from which 
it passes into the right ventricle, and thence into the pulmonary artery. 
Owing to the condition of the lung only a small portion flows through the 
pulmonary capillaries, the greater part passing through the ductus arteriosus, 
which opens into the aorta at a point below the origin of the carotid and 
subclavian arteries. The mixed blood now passes down the aorta, to sup- 
ply the lower extremities, but a portion of it is directed, by the hypogastric 
arteries, to the placenta, to be again oxygenated. 

At birth, the placental circulation gives way to the circulation of the 
adult. As soon as the child begins to breathe, the lungs expand, blood 
flows freely through the pulmonary capillaries, and the ductus arteriosus 
begins to contract. The foramen ovale closes about the tenth day. The 
umbilical vein, the ductus venosus, and the hypogastric arteries become 
impervious in several days, and ultimately form rounded cords. 
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Mean height of male, 5 feet 6^ inches ; of female, 5 feet 2 inches. 
Mean weight of male, 145 pounds; of female, 121 pounds. 
Number of chemic elements in the human body : from 16 to 18. 
Number of proximate principles in the human body : about 100. 
Amount of water in the body weighing 145 pounds : 108 pounds. 
Amount of solids in the body weighing 145 pounds : 36 pounds. 
Amount of saliva secreted in 24 hours : about 3^ pounds. 

Function of saliva : converts starch into maltose. 

Active principle of saliva : ptyalin. 
Amount of gastric juice secreted in 24 hours: from 8 to 14 pounds. 

Functions of gastric juice : converts albumin into peptone. 

Active principles of gastric juice : pepsin and hydrochloric acid. 
Duration of digestion : from 3 to 5 hours. 
Amount of intestinal juice secreted in 24 hours: about i pound. 

Function of intestinal juice : converts starch into maltose. 
Amount of pancreatic juice secreted in 24 hours: about Ij4, pounds. 

Active principles of pancreatic juice: trypsin, amylopsin, and 
steapsin. 

{I. Emulsifies fats. 
2. Converts albumin into peptone. 
3. Converts starch into maltose. 
Amount of bile poured into the intestines daily : about 2^ pounds. 

1. Assists in the emulsification of fats. 

2. Stimulates the peristaltic movements. 

3. Prevents putrefactive changes in the food. 

4. Promotes the absorption of the fat. 
ood in the body : from 16 to 18 pounds. 

Size of red corpuscles : ■^^■^■^ of an inch. 
Size of white corpuscles : ^^^^^ of an inch. 
Shape of red corpuscles : circular biconcave discs. 
Shape of white corpuscles : globular. 

Number of red corpuscles in a cubic millimeter of blood (the cubic ^ of 
an inch) : 5,000,000. 



Functions : 



Amount of bl 
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Function of red corpuscles : to carry oxygen from the lungs to the tissues. 
Frequency of the heart's pulsation per minute : 72 on the average. 
Velocity of the blood movement in the arteries: about 12 inches per 

second. 
Length of time required for the blood to make an entire circuit of the vas- 
cular system : about 20 seconds. 
Amount of air passing in and out of the lungs at each respiratory act : 

from 20 to 30 cubic inches. 
Amount of air that can be taken into the lungs on a forced inspiration : 

no cubic inches. 
Amount of reserve air in the lungs after an ordinary expiration : 100 cubic 

inches. 
Amount of residual air always remaining in the lungs : about 100 cubic 

inches. 
Vital capacity of the lungs : 230 cubic inches. 
Entire volume of air passing in and out of the lungs in 24 hours : about 

400 cubic feet. 
Composition of the air: nitrogen, 79.19; oxygen, 20.81, per 100 parts. 
Amount of oxygen absorbed in 24 hours : 18 cubic feet. 
Amount of carbonic acid exhaled in 24 hours : 14 cubic feet. 
Temperature of the human body at the surface : gS^^ F. 
Amount of urine excreted daily : from 40 to 50 ounces. 
Amount of urea excreted daily: 512 grains. 
Specific gravity of urine : from 1.015 ^^ 1.025. 
Number of spinal nerves : 3 1 pairs. 
Number of roots of origin: two; ist, anterior, efferent; 2d, posterior, 

afferent. 
Rate of transmission of nerve force : about 100 fefct per second. 
Number of cranial nerves : 12 pairs. 

1. Olfactory, or 1st pair. 

2. Optic, or 2d pair. 

3. Auditory, or 8th pair. 

4. Chorda tympani for anterior % of tongue. 

5. Branches of glosso-pharyngeal, or 8th pair, 
for posterior y^ of tongue. 

Motor nerves to eyeball and accessory structures : motor oculi, or 3d 

pair ; pathetic, or 4th pair ; abducens, or 6th pair. 
Motor nerves to facial muscles : portio dura, facial, or 7th pair. 
Motor nerve to tongue : hypoglossal, or 12th pair. 
Motor nerve to laryngeal muscles: spinal accessory, or nth pair. 



Nerves of special sense : 
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Sensory nerve of the face : trifacial, or 5th pair. 

Sensory nerve of the pharynx : glosso-pharyngeal, or 9th pair. 

Sensory nerves of the lungs, stomach, etc. : pneumogastric, or loth pair. 

Length of spinal cord: 16 to 18 inches; weight ly^ ounces. 

Point of decussation of motor fibers : at the medulla oblongata. 

Point of decussation of sensory fibers : throughout the spinal cord. 

Function of antero-lateral columns of spinal cord: transmit motor 

impulses from the brain to the muscles. 
Functions of the posterior columns : assist in the coordination of mus- 
cular movements. 
Functions of the medulla oblongata : controls the functions of insaliva- 

tion, mastication, deglutition, respiration, circulation, etc. 
Functions of the corpora quadrigemina : physical centers for sight. 
Functions of the corpora striata : centers for motion. 
Functions of the optic thalami : centers for sensation. 
Function of the cerebellum: center for the coordination of muscular 

movement. 
Function of the cerebrum : center for intelligence, reason, and will. 
Center for articulate language : 3d frontal convolution on the left side 

of cerebrum. 
Number of coats to the eye : three ; 1st, cornea and sclerotic ; 2d, choroid ; 

3d, retina. 
Function of iris : regulates the amount of light entering the eye. 
Function of crystalline lens : refracts the rays of light so as to form an 

image on the retina. 
Function of retina : receives the impressions of light. 
Function of membrana tympani : receives and transmits waves of sound 

to internal ear. 
Function of Eustachian tube : regulates the passage of air into and from 

the middle ear. 
Function of semicircular canals : assist in maintaining the equipoise of 

the body. 
Function of the cochlea: appreciates the shades and combinations of 

musical tones. 
Size of human ovum : ^^3 of an inch in diameter. 
Size of spermatozoa : -^qj^-q of an inch in length. 
Function of the placenta : acts as a respiratory and digestive organ for the 

fetus. 
Duration of pregnancy : 280 days. 



TABLE SHOWING RELATION OF WEIGHTS AND 
MEASURES OF THE METRIC SYSTEM TO APPROX- 
IMATE WEIGHTS AND MEASURES OF THE U.S. 



One Myriamelcr 
One Kilometer 
One Hectometer 
One Decameter 



One Decimeter 
One Centimeter 



One Mytiagtim 
One Kilogram 
One Hectogram 
One Decagram 
Odc Gram 
One Deeigrsm 
One Centigram 
One Milligram 



One My rial iter 

One Ktloliter 
One Hectoliter 

Ooe Decaliter 



MEASURES OF LENGTH. 
= 10,000 meters =1 32S00. feet. 

— 1,000 " = 3280. •' 

= '^ " = ^'f to " 

(the ten millionth part of a ^ 
quarter of the Meridian of t =^ 39. 3^^ inches, 

the Earth J 

=the tenth part of one meter = 3.936 " 

={?.';°::.'r'"°"'"""°'}- ■393(!) •• 
-{S'o,°rJ»""'"'""}= -3'(A) ■• 

WEIGHTS. 

= 10,000 grams = 26J^ pounds Troy. 

= 1,000 - = ,^ •■ - 

= ■00" _ jXoonco ■• 

= 10 " _ 2Jidr.m. •• 

= { Ji";?/;;,":*. c ■ } - ■!■« s"'- 

= the tenth part of a gram = 1.543 C')^) " 

( the hundredth part of one 1 . ,,,. 

^Wam 1= ■'54(H) 

_j thethoHSaDdflipartofonel _ 
I gram / 

MEASURES OF CAPACITY. 

fio cubic Meters or thel 
measure of 10 Milliers of \ = 2600. gallon 



>'5 (^t) 



f I cubic Meter or iheroeas- 1 __ 

~ \ ate of I Millier of water. [ ~ 

{100 cubic Decimeters or*) 
the measure of I Quintal \ — 
of water j 

fio cubic Decimeters or') 
the measure of I Myria- \ = 
gram of water J 

{I cubic Decimeter or the I 
measure of i Kilogram \ ^ 
of water j 

f loo cubic Centimeters or 1 
= i the measure of I Hecto- } = 



One Deciliter 
One Centiliter 



{t cubic Centimeter or the f 
measure of I Gram o(l = 
water. ) 
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Appli«dio LUjtiuk. SoJ'fb.aiid GAf4, 7lh EditiDQ, RcTiffd^ iia 
IDiutralxxu. l^IRiadf. U-^ 

SYMONDS. UaDul of Chemiitry, for Ucdical Sludeoti. 
id Edilion. fi.oa 

WATTS. Ore 
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CHILDREN. 

CAUTLIE. Feeding of Infinls ind Youne Children by N«. 
ural and Artificial Methods. Jm,I Ri^Jy. t"^ 

HALE. Oa the MsaBgemeot of Chlldieo in Health and Dii- 

HATFIELD. CompcDd of Diseaw* of Children. With a 
ColotedPUle. »d Edilion. .80 ; Inlai="ed, Ji.js 

HEI03. lafanlFeedinsandHllkAnalr>ii. The Eiamlnaliea 



IDS and 

Di^l^M°lolheDl'elof ^ounrinfeu™"" "'"' "" -5= 

UONEY. Treatment of DiacRBe* in Children. Including the 
Uutltaa of Di»n<»i!jndlheL'hiefP^lhologics>IDIireTenc« Between 
Children and Adulls. 16 Edition. fa.So 

POWER. Suralcal Diaeaaes of Children and thiir Trcat- 
■ncDt by Modern Uethoda. lUui^irilcd. f-y 

STARR. The Dlceative Organi Id Childhood. ThcDiieuHol 
the DIgeitite Urgini in Infancir and Childhood. With Chapien on 
ihe iDTsIinllon ol DiKue apd the Maiugemeni d ChildVen. id 
Edition, Enlarged. lUmirated by ivn Colored Plata and mimeroui 
Wood EBgiaTingi. (aoo 

■TARR. HyslflBe of the Naricry. Inoluding the General Regi- 
men and Feecflnenr Inbnu and Children, and Ihe DomnlicMamgo- 
menl of the Onflnary t^mergeniiH ol Eariy Uk, Mauage, etc. 6th 
Edilion. IS llluiiraiioDi. Ji^l Riailf. (i.oo 

TAYLOR AND DWELLS. The Diiraaei of Children. Illui- 
lialed. ANewTeal-Booll. ■ Ntarly RraJf. 
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Sample copies free. Put up in loc 
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DEFORMITIES. 

REEVES. Bodily Deforniltlcs and Their TrBBtment. 

HanJ-Book of Pr*cital Orihopf .li«, «8 lUusinHiDns. $ 

HEATH. liijurle«sndDl.eflMiiortl.eJawi, 1B7 Hliislriilii 

4lh Edition. Ugth.f 

DENTISTRY. 

^taal CataUgut ef Dmlal Basis Ufil frit upst afflicalin 
BARRETT. Dental SucEcry for GcDcral Practitionera 1 
Students of MedlclDC and Dcntiatry. Eiliaclian of Tc 
eiQ. aJEdnion. llluslralcd. Ifnrly Ki, 

BL.ODQETT. Dental Pathology. By ALBHa-r N. Bluuci 
K n., lale Frorcsiai of i'llliDloEy and Thciapeuilcs, Bhidd Df 
Collegt. 33 Ulunratioin. f 

lOK. iis PeilaininE 10 Ifat Fil 
Smictura. 4i>i Edition, t 

in bS the National Aui^Uoa of Denial Fa 

t 

■1 Medicine. A Manual of Materia Uedica 
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. ijlhEdition. feeviMdhyF,,. .. . 
lUnilraliimi. Cloih, f^.oa: Leather, 



Aoatomy, Physiology, Pathology, Then 



I. S. Got 

HARRIS. Dictionary of Dentistry. Including DeSnitiani of Sue 
Wordiand PhraK>ariheCoilaUiaiSdcnc>aas Pertain lathe AitanQ 
Practice of Dentistry. 5th Edition. Revised and Enlarged by Jaa- 
DiKA«Q F. S. GoRCAS, M u.. D.t..s. (JlDlh. (,.50 : Leather, (5.50 

HEATH. InjariesandDlseasesoftheJawa. 4th Edition. 1S7 
lUuslralions. (4.50 

HSATH. Lectures on CertaiQ Dlseasea of the Jaws. 64 
Illuslratloul. Soards, .jo 

RICHARDSON. Mechanical Dentlatry. 7th Editlau. Thor- 
oughly Revised and E-iisrged by Da. Geo. W. Waihbh. 691 lilus- 

SEWELL. Dental Sarziiry. tncludinE Special Analomy and 
Surgery, jd Edition, with Ml lUustrations. |i.oi> 

TAFT. Operative Dentistry. APiacIicalTreitlse. tlh Edition. 
100 lilustrationa. Cloth. (3.00 ; Leather, (4.00 

I of the Teeth and Their TreatmaDt. 

TOMES. Dental Anatomy. Human and Comparative. 93s Illus- 
trations. ,th Edition. I3.SO 
TOMES. Dental Surgery. 3d Edition, agi Illuslrationi. lh.a> 
WARREN. Campend of Dental Pathology and Dental Medi- 
cine. With a Chapter on Emergeticies. Illustrated. 

WARREN. Dental Proathesis and Metallurgy. 139 lUs! (i.i; 
WHITE. ThcMoutb and Teeth. Illustrated. .40 
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10 SUBJKCT CATALOGDK. 

GOUT AND RHEUMATISM. 

DUCKWORTH. A Treati.e on Gout. Wiih Chroiuo-liHiogniphi 

Clolh, tijlB 



QARROD. Oa RheumRti 

RhEumaLlc Anhrltii. 
HAIG. CBUHtim of DiBt 



cioih,(5.« 

\k\S. a Coniribmion lo 
leadache. Epilepsy, Gout, 



HEADACHES. 

laches, l-he Kalure, CJiii^es 



HEALTH AND DOMESTIC MEDI- 
CINE (sec also Hygiene and Nursing). 
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HISTOLOGY. 

STIRLING. _Outlineaaj;PractlcBl HUtoloey. 36S lllustralioiu. 



HYGIENE AND WATER ANALYSIS. 

Sftdai CaialogMt rf Btohi on HygitHi unl frtt Hfan affliaiint. 
CANPIELD. Hygiene of the Sick-Room. A Book for Niin« 

rn(a:linn°"BMl5'mlogy?'lmmunilY"Hfiilins "and'VcniMition! and 
Kindred Subjects. (i.as 

COPLIN AND BEVAN. Practical Hygiene. A Cocnplele 
American Te It- Bmk, 13B Ulustrstinni. ClotS, Jj.as; Sheep, (4.15 
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Sth Edition. Enlatged. llliatiated. 

CES. Popular HyEleae. The eiemenu of Health. A Book 

lai Lay Resden. litusDated. ft, 15 

STARR. The Hygiene of lbs Nuraery. Including the General 
Reeimen and Fcnline of Infants and Chlldien, and Ihc Domestic 
Management of the Otdinary Emeimncie^ of Early Life, Manage, 
etc. 5th Edition. >; 11 Initiations. Jiul Rtady, fi.oo 

STEVENSON AND MURPHY. A Treatiae on Hygiene. By 
Various Authon. In Three DcCive Volumes. Illustrated. 

Vol. I, |6.™r Vol. II, »6.D0; Vol. III,|5«> 
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NEW SYDENHAM SOCIETY PUBLICATION. Three Ic 



11 SUBJECT CATALOGUE. 

KIDNEY DISEASES. 

THORNTON. The SurgETv of the Kidney. igllUt. Clo..fi.jii 
TVSON. Bright-s Diicue and Disbetei. Wiih Espccbl Ref. 

nilii in Brighl't Si««e, Ncw'^il^'n. " " ' ^ * ll Prifaralim 



LUNGS AND PLEURiE. 



MASSAGE. 

KLEEN. Hand-Boon of UBuan. Authorized 
Mu»sbtHahtwkli.,h.o.,»h,d. Wiihan Inlrodocl 
Wbib MiTiiHELi.. llhiElr^Ud by a series ol Pholi 
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MEDICAL JURISPRUDENCE AND 
TOXICOLOGY. 

REESE. McdlEBl JurtspiudBnce aDd Toxicology. ATeit.Bank 
for Medical and LcEal PiBCIilianers and StudEilIS. 4lh EdlLJen. 
RcviKd by Hkhiit Lhkfhank, h d. Cla.,ti.<*>: Lealher.tj'^ 
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MANN. Forensic Medicine and To ilea logy. Illui. (6.50 
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7ih Edilion. .7s 
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NURSING. 

.;«(CI0' CalalegiM 0/ Bsekifsr ffiirm inU/rti Hfiai afflicaticn. 
BROWN. ElemcDtiry Pbynlolosy for NuncL .7; 

CAKFIELD. HvelcoBOftbeSlck-Room. A Book fur NurH> nod 

Olhcn. UeinE a Brief Cansideratian of Atcp^Li, Aatiscpsli. DUiiifec- 

SubiKisfDrihi^se'o™Nuni««nd'^Mln«lligm°'Jfromen. "(t^s 
CULLINQWORTH. A MimaBl of HuralaK,Hediciil andSur- 
gieal. 3d Edilion wilh llluslralions. .7! 

CULLINGWORTH. A MaaualfoT Monthly NuTBH. ^Ed. .40 
CUPF. Lectures to Nurses on Medicine. >fi lllusimiona. $t.oa 
DOMVILLE, Manual for Nursea and Others EnEaeed In At- 
tending the Sick. SihEdiiiun. WiLhRecipKrocSicli-TaoinCaok- 

PULLERTON, Obstetric NuralDE. 40 His. 4>h ^. f'.<» 

FULLERTON. Nurslna in Abdominal SurEeiy and Disease* 

of Women. CompriilnE the Regular Coune of rnsmicUon at Ihe 

Training-Scbool of the Women'! Hoipital, Pbiladelpiiia. id Edition. 

t'-i" 

the Sli^Rootn, etc. i^lh 

SHAWE Notes far Visitioe Nurses, and alt those Interested 
in the Working and Orgsnliation of District, Visiting, or 
Parochial NursE aocietres. With an Appendii EipL-iining the 
OrganiBIInn and Walking of Various Vititlng and District Nurse So- 
cieties, by KII1.EH C, JsHK^, of Philadelphia. fi.cia 

3TARR. The Hygiene of the Nursery. Including Che GenenI 
Regimen and Feeding of 1 nfinl! and Children, and the Domeslic Man- 
agement of the Ordinary Emergencie) of Early Ljfe, Mauage, etc. 5th 
anion. .J llliulralions, Jvtl Rtady. (1.00 

TEMPERATURE CHARTS. Far ReCDrding TempenUre, Res- 

S ration, Pulse, Day of Disease, Dale, Age, Sex, Occupation, 
ame, etc Put up In pads of fifty. Each .50 

""" " alie- ii.lUustralioBS. (1.0c 

in NttTiingfra Kfim affliiaiiim. 



16 SUBJECT CATALOGUE. 

OBSTETRICS. 

BAR. Antiseptic Midv^ifery. The Principle of Antiseptic Meth- 
ods Applied to Obstetric Practice. Authorized Translation by 
Hbnry L>. Fry, m.d., with an Appendix by the Author. $i.oo 

CAZEAUX AND TARNIER. Midwifery. With Appendix by 
MuNDi. The Theory and Practice of Obstetrics, including the Dis- 
eases of Pregnancy and Parturition, Obstetrical Operations, etc. 
8th Edition. Illustrated by Chromo- Lithographs, Lithographs, and 
other full-page Plates, seven of which are beautifully c<#ored, and 
numerous Wood Engravings. Cloth, $4.50 ; Full Leather, $5.50 

DAVIS. A Manual of Obstetrics. Being a Complete Manual for 
Physicians and Students, ad Edition. 16 Colored and other Plates 
and 134 other Illustrations. $2.00 

JELLETT. The Practice of Midwifery. Illustrated. In Press. 

LANDIS. Compend of Obstetrics. 5th Edition, Revised by Wm. 
H. Wells, Assistant Demonstrator of Clinical Obstetrics, Jefferson 
Medical College. With many Illustrations, .80 ; Interleaved, ^1.25. 

SCHULTZE. Obstetrical Diagrams. Being a series of 20 Col- 
ored Lithograph Charts, Imperial Map Size, of Pregnancy and Mid- 
wifery, wiui accompanying explanatory (German) text illustrated 
by Wood Cuts. 2d Revised Edition. 

Price in Sheets, $26.00 ; Mounted on Rollers, Muslin Backs, $36.00 

STRAHAN. Extra-Uterine Pregnancy. The Diagnosis and 
Treatment of Extra-Uterine Pregnancy. .75 

WINCKEL. Text-Book of Obstetrics, Including the Pathol- 
ogy and Therapeutics of the Puerperal State. Authorized 
Translation by J. Clifton Edgar, a.m., m.d. With nearly 200 Illus- 
trations. Cloth, $5.00; Leather, $6.00 

FULLERTON. Obstetric Nursing. 4th Ed. Illustrated. $1.00 

SHIBATA. Obstetrical Pocket-Phantom with Movable Child 
and Pelvis. Letter Press and Illustrations. $1.00 

PATHOLOGY. 

BLACKBURN. Autopsies. A Manual of Autopsies Designed for 
the Use of Hospitals for the Insane and other Public Institutions. 
Ten full-page Plates and other Illustrations. $^-^$ 

BLODGETT. Dental Pathology. Bv Albert N. Blodgbtt, 
M.D., late Professor of Pathology and Therapeutics, Boston Dental 
College. 33 Illustrations. $1*25 

GILLIAM. Pathology. A Hand-Book for Students. 47 lUus. .75 

HALL. Compend of General Pathology and Morbid Anatomy. 
91 very fine illustrations. .80; Interleaved, ^1.25 

VIRCHOW. Post-Mortem Examinations. A Description and 
Explanation of the Method of Performing Them in the Dead House 
of the Berlin Charity Hospital, with Special Reference to Medico- 
Legal Practice. 3d Edition, with Additions. .75 

PHARMACY. 

special Catalogue 0/ Books on Pharmacy sent free upon application. 

COBLENTZ. Manual of Pharmacy. A New and Complete 
Text-Book by the Professor in the New York College of Pharmacy. 
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